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THE TROPICAL SUNLIGHT.’ 


By PAUL С. FREER. 


(From the Bureau of Science, Manila, P. I.) 


INTRODUCTION. 


I have chosen my topic for discussion, not only because I knew that 
an audience, every one of whom has had a more or less extended ex- 
perience in the Tropics, would be vitally interested. in it, but also 
because in the past decade differences, more especially of insolation, in 
portions of the globe showing contrasts in climate have been the subject 
of extended monographs and papers appearing iu scientific publications 
and journals, For the greater part, this literature has especially to do 
with the objective manifestations of the effects of equable tempera- 
tures, possible humidity, and supposedly intense sunlight upon the 
conditions of life of human beings and their response to their environ- 
ment. Considered in this aspect, there always enters an element of 
uncertainty owing to the absence of absolute means of measurement 
and the variability of other hygienic surroundings. ‘The people ol the 
Tropics, by reason of their mode of life, their iood, their hackward- 
ness in scientific procedures and their xnperstitions, are exposed to 
many infections and causes of disease which modify any conclusions 
which may be drawn, and these effects, because of their omnipresence, 
reflect. themselves upon the modern European intruders. Experiments 


? Address of the president at the first biennial meeting of the Far Eastern As- 
sociation of Tropica] Medicine, held at Manila, Marel 5, 1910. 
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conducted upon the influence of this or that type of clothing, on the 
modifications of covering upon troops in the field and other similar 
lines of investigation always suffer from the factor of the condition 
of the subjects themselves. The impossibility of introducing any exact 
comparisons into these experiments renders the conclusions drawn 
therefrom arbitrary? 

However, in almost all cases, differences in the environment brought 
about by contrasts between tropical and lemperate climates are referred 
in the first instance to the sunlight, in the second to humidity, if this 
factor is taken into consideration at all, and in the third to the equable 
temperature throughout the year; that is, to the absence of а pronounced 
winter. 

И has seemed to me that the first of these factors, the sunlight, is 
capable of some exact comparative measurements, although, from the 
nature of the case, the experimental difficulties in the way are very 
great. То draw any final conclusion, work with reliable and calibrated 
instruments must be undertaken in various paris of the globe, through 
a long series of days, and experiments must be planned so as 10 eliminate, 
so far as possible, the personal errors which may ereep in. We must 
take into consideration the average number of hours of sunshine per 
day, the degree of haziness or cloudiness, the variation with the Seasons, 
‘the presence or absence of pronounced winds and the proximity to the 
seashore of ihe stations as well as their altitude. Needless to say that, 
while many individual observations exist, no comprehensive plen of work, 
based upon data: taking cognizance of-all of these factors, has ever been 
carried into effect. In order, if possible, to make a beginning, I have 
brought together the results of the investigations which we have heen 
able, so far, to conduct in this institution, together with such as may 
be pertinent to the question obtained in other places. The sum total 
leaves us with only a few facts gained and a few conclusions to he 
drawn, but it shows to á certain extent what direction it is best te 
follow in собретаНуе work and it also reveals to us the complexity of 
the field. 

THE SUNLIGHT, 


We all know that the sunlight can be dissolved by proper instruments, 
Such as a diffraction grating or a prism, into an infinite number of 
waves or pulsations of different length, which produce a continuous 
visible spectrum extending from deep red to violet; this spectrum being 
crossed hy numerous sharp lines, representing the absorption phenomena 
of the elements existing in a gaseous state in the sun. On either side an 
area not visible exists, the infra-red and the ultra-violet. The latter por- 
Lions of the spectrum ean be studied by means of photographs. Measure- 
ments are made in niillionths of a millimeter, starting from some well- 
known line which may be produced between two poles of a given metal by 
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a spark caused by а current of high tension. If we compare the spec- 
trum of the sun’s light with that of a metal, such as cadmium, we discover 
that the latter shows lines extending into the ultra-violet field far beyond 
that of the former, yet it is evident, if we consider the elements known to 
be present in the sun’s mass and chromosphere, by a study of the spectrum 
of the sunlight, that outside our atmosphere, or at least in the central body 
of the sun, such ultra-violet rays must be present. It follows that the 
air surrounding aur globe must be able to absorb or otherwise modity a 
large proportion of the latter. Measurement can show whether, as a rule, 
there is a greater or Jess absorption in the Tropics than in temperate 
climates. 

The theory was prevalent some years ago that ihe spectrum was 
divided into classes of rays, of which these in the blue, violet and ultra- 
violet were considered as “actinic,” namely, as producing chemical reac- 

` tions, those in the visible field as causing light, and those in the ultra-red 
as heat, although even as long ago as 1859, Bunsen and Roscoe * indicated 
that no sharp lines could be drawn between the rays which give rise to the 
thermic phenomena in the atmosphere and on the carth, and those causing 
chemical changes. The power of seeing is only a subjective symptom, 
some persons may have a range of vision for light rays beyond others; all 
rays may produce chemical changes, yet il is true that some of the latter 
are brought about much more rapidly by the portion of the spectrum 
lying toward the violet and beyond, than by the other part toward the 
infra-red ; indeed, in many changes the latter can not act as n catalyzer at 
all. However, we must not lose sight of the fact that the total energy 
derived from the sun, in which must be included rays of all lengths, is 
an essential factor in maintaining chemical changes on the earth, regard- 
less of the fact that recent investigations have made us cognizant of other 
sources of energy which are supplied by the mass of the globe itself. The 

» quantity in which the former reaches the earth’s surface at different places 
may have much to do with the effeet of local environment. 

Tn studying the manifestations of energy in other branches of science, 
we endeavor to divide such manifestations into two factors, one of inten- 
sity or stress, and the other of capacity. So, in electricity we have 
volts (stress) and coulombs (capacity) ; in the effects of gravity, distance 
(stress) and mass (capacity). Light сап be treated in the same way. 
Let us suppose we have an area of 1 square centimeter through which 
rays of a given wave length are passing from a constant source of light. 
If we double the opening, we would have twice the light passing through, 
but if we concentrate the total number of rays entering the opening of 
2 square centimeters, by means of an idea] lens, on the one we would 
obviously have doubled the amount of light in the same time passing 
through the slit, the area of which had not changed, in other words, we 


? Ann. d, Phys. u. Chem, (Poggendorf) (1859), 108, 193. 
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would have increased the intensity of illumination, or the amplitude of 
the light waves, а process corresponding to an increase of voltage, with 
diminution of the diameter of the cross section of the wire, in an 
electric conductor. While it is easy to conceive of measurements of 
this kind where rays pass through a definite, limited opening, it is not 
so easy to see how they can be made when the illumination extends over 
a vast area. Bunsen and Roscoe? and Roscoe and Baxendell, in their 
classical researches on photochemistry, employed an explosive mixture of 
chlorine and hydrogen to measure the intensity of insolation, and by a 
variation in the quantity of light, by using different sources and different 
diameters of openings, came to a series of results which, more nearly than 
any other, сап be used as a basis of calculation. However, it seems to me 
that the possibilities of autocatalysis in such a mixture,’ which have 
since then become understood, would have a great influence in the cal- 
culation of the total effect of insolation in climates other than the one 
in which these investigators worked. Subsequently, they also perfected 
a method based upon the darkening of a normal strip of sensitized paper 
in known intervals of time to standard colors, and this means, if the 
paper were always correct, could be developed in the direction mentioned. 
Indeed, Roscoe? described а self-registering apparatus for use in me- 
teorological stations which would, if universally adopted, already have 
made available the data sought for. However, it seems to me that all 
methods which consider “photochemical” light only as а group, without 
division by the spectrum, are faulty because they do not differentiate 
the proportion of waves of various lengths contained in the total insola- 
tion at different latitudes and under different meteorclogical conditions. 
The range of rays which will bring about the union of hydrogen and 
chlorine, or the darkening of sensitized paper, is very great, whereas it 
may be only certain very limited portions of the spectral field which 
produce maximum results. 

One method suggests itself. If two spectra of the sun, each showing 
the same area, that is, composed of waves of the same length, were to be 
projected upon two extremely slow photographic plates, so slow that, 
although the plates are approximately the same, slight variations in time 
would have no appreciable effect upon the total exposure, and if compari- 
sons were to be made as to the time necessary to produce the first visible 
image of some given line, then the ratios of these times would, for most 
practical purposes of comparison, give the ratios of intensities. The 
accuracy would increase by selecting more than one line, successively. 


° Loc. cit., ibid, (1862) 117, 529. š 

“Аят. d. Phys. и. Chem. (Poggendorf) (1866) 128, 291. 

"Chapman, Chadwick and Ramsbottom, Journ. Chem. Soc. London (1907) 91, 
943, give а parallel сазе іп the reaction of carbon monoxide and oxygen in the 
presence of moisture. Ifydrechloric acid takes the place of the latter. 

= “Ibid (1877) 151, 268. 5 
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However, other chemical reactions could be selected, perhaps with less 
experimental difficulty, provided all side reactions, such as oxidation or 
peroxide formation, were eliminated. Such a reaction is the ‘decomposi- 
боп of oxalic acid in the presence of uranium acetate as a-catalyzer, the 
gas evolved in a given time by given rays being measured, or the residual 
oxalic acid titrated. This reagent for the measurement of the two factors 
of the sunlight without, however, as yet using definite Jines, has been 
utilized by Dr. Raymond F. Bacon, of the Bureau of Science, he being able 
to compare the insolation at Chicago, in June, with that of Manila 
throughout the year. І will discuss his results in another portion of this 
paper. The method being fully developed, subsequent experiments, using 
definite lines of the spectrum will be a simple matter. 

His measurements, although extending over a limited period in Chi- 
cago, are nevertheless of such a nature that we have an experimental 
comparison between the effect of insolation in the Tropics and at a 
northern point. Previous attempts have been made to calculate the 
effect from the data of Bunsen and Roscoe,’ taking into consideration the 
direct and diffused sunlight. The calculations result in the development 
of numbers showing that “diffused light tends to equalize the numbers 
for the total quantity of light at different latitudes.” So, according to 
Sebeliene,* while “the daily quantity of light due to direct radiation is 
forty times as great at the equator as it is at the pole, the quantity of 
diffused daylight is hardly twice as great at the equator as at the pole on 
the same day.” "Тһе results of Sebeliene's calculations, based on Bunsen 
and Roscoe’s figures, give a total quantity of light units at 0° of Jatitude 
as 82,716, a maximum of 114,835 at 30°, and a minimum of 76,048 at 
the pole. However, these caleulations refer only to the midsummer day, 
and certainly lack the basis of experiment in various parts of the world. 
While the northern and southern parts of the globe are much more for- 
tunately situated at midsummer in respect to light, as compared with 
the Tropics, this would not hold good throughout the year. Bacon, in 
the Bureau of Science, found the decomposition of oxalie acid in the 
presence of uranium acetate to proceed approximately five times as fast 
in Manila in October and November as in Chicago during the months of 
May and June; and recent days in February have shown a rate as high as 
twenty. Bunsen and Roscoe? also demonstrated that days of light, hazy 
cloud, through which the sun just: shines, are able remarkably to increase 
the chemical activity of light. 

Enough has been said (о demonstrate the difficulties to be encountered 
jm securing data fit for comparison; the experimental work so far ас- 
complished, therefore, is as yet only tentative and must be taken for 
what it is worth. 


т Loe, cit. (1859), 108, 257, 260. 
* Phil, Mag. (1905) (VI), 9, 354, 
? Loc. cit, (1859), 108, 236. 
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THE COLORATJON OF PHENOL, OF ANILINE, AND OF METHYL ALCOHOL IN 
THE SUNLIGHT OF MANILA, 


АП of us who have experience with laboratories in the Tropics pre- 
sume, in a general way, that chemical reagents are much more subject 
to deterioration and change in such regions than in temperate climates, 
alihough the containers may be securely sealed from the air. Is this so, 
or is it simply a hasty generalization, brought about by our personal 
bias, driving us in the direction of thinking the phenomenon must realty 
exist because of preconceived notions of the influence of tropical en- 
vironment ? 

Phenol is eminently fitted for study, because some data for comparison, 
gathered in other climates, exist. Mr. H. D. Gibbs," of the Bureau of 
Science, has occupied himself with this subject for more than a year, 
and I will give a brief summary of his results. 


The phenomenon of the coloration of Phenol in the sunlight is one of oxidation, 
it does not occur in an atmosphere of an indifferent gas such as hydrogea or 
nitrogen. The change takes place even with absolutely pure, dry phenol and dry 
oxygen, so that the presence of moisture is not necessary. ‘The reaction, under 
ordinary conditions, therefore, is inaugurated independently of the degree of 
humidity of the atmosphere, although the water (or hydrogen-peroxide) produced 
by the beginning reaction will undoubtedly have an accelerating effect оп its 
subsequent rate. Crystals of such pure, dry phenol, when sealed in a tube with 
pure, dry oxygen and placed in the sunlight in Manila at a temperature of ap: 
proximately 30°, color pereeptibly after two hours and the entire mass changes 
to a deep red liquid after five days. 

This rate of coloration probably varies with the seasons. When the sun is 
directly overhead there is apparently а much more rapid production of color 
than in December and January; and it is more rapid under quartz than when 
the sample is exposed under soda glass. This latter difference would seem to^ 
point to the fact that the change is inaugurated by and accelerated in a greater 
degree by the ultra-violet portion of the spectrum, not absorbed by quartz glass, 
than by the others, although the effect can be brought about by heat alone, but 
mueh more slowly. 2 

The absorption spectum of phenol * gives a broad absorption hand at \=272 дд. 
There is, therefore, according to Baly and Collie а condition of unstable 
equilibrium of one hydrogen atom in each moleeule of phenol, at а given tem. 
perature in the dark. Therefore there would ће a constant ratio between the 
large proportion of phenol in the enol form and the minute quantity of the keto 
(quinone) form. The action of light, especially of that of the ultra-violet portion 
of the spectrum, would therefore be to change the equilibrium by increasing the 
proportion of the latter present, and hence the rate of oxidation; it being 
presumed that the enol form, the one ordinarily accepted for phenol, is not 
attacked by the oxygen. Хо quinone form seems to be present in the crystals, 
Anisol is not colored by oxygen or ozone in the presence of sunlight, hence it is 
to be presumed that no-such Jabile form exists in the latter, 


? This Journal, Ree. А (1908), 3, 361; Ibid, (1909), 4, 133. 
^ Hartley, Journ. Chem. Вос. (1902), 81, 929. Y 
= Ibid. (1905), 87, 1339. 
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The color change of phenol takes place much less rapidly in temperate 
climates where measurements have been mace. Richardson gives three 
days in Clifton, England, and in some instances several weeks have not 
sufficed to produce the color. А tube of phenol and oxygen, in the dark, 
kept at a temperature of 100° for two weeks, gave only a faint yellow color, 
and phenol under the same conditions in the diffused light of a laboratory 
room at Manila at a temperature of approximately 30° was not appreciably 
colored after two months. 

The products of oxidation are quinol, quinone and catechol, all of 
whieh confirm the conclusion that the change to the quinone formuld is 
markedly accelerated by the ultra-violet rays which are absorbed by 
phenol and point in the direction of the supposition that these rays- аге 
present in greater proportion in the sunlight of the Tropics, at sea level, 
than in more northern climates. The conclusion in regard to the labile 
condition of one-sixth of the hydrogen in phenol would probably also be 
found true for a large series of similar compounds, and may, possibly in 
the future be extended so as to explain a great many chemical phenomena 
prominent in tropical climates. 

Aniline is even more fitted than phenol for a study of the effects of 
insolation, as the changes are brought about with greater rapidity and 
the oxidation products are present in greater quantity. 

When perfectly pure aniline is sealed in a thin glass tube with dry air 
and exposed to the sunlight in Manila during the months of April, May 
and August, it darkens and assumes a decided red shade in less than ten 
minutes. Of course, the temperature, as in the case of phenol, is also an 
important factor. 

The products of the reaction which have been isolated are azobenzene, 2,5- 
dianilinoquinone, 2,5-dianilinoquinoneanil, and azophenene. The oxidation is 
therefore in all probability accompanied by one of condensation, and again it seems 
nof unreasonable to refer the rapid accomplishment of this portion of the reaction 
to the part of the spectrum lying in the violet and beyond. 

Pure samples of aniline also became colored upon long standing in the dark. 
Aniline, like phenol, therefore, has 2. portion of its hydrogen labile and probably 
shows a similar equilibrium between the ordinarily accepted formula and the 
quinoid strueture as is presented by phenol. Its absorption spectrum also gives 
a deep band in the violet. 


However, aniline differs from phenol in the fact that im the tropical 
sunlight it undergoes chemical changes even. in the absence of oxygen, 
that is, when it is placed cither in vacuo or in the presence of indifferent 
gases such as hydrogen, nitrogen, or carbon dioxide. At first it is colored 
yellow and finally it changes to a brilliant red. The work on this subject 
is not entirely completed. However, it may be stated that no gas is 
evolved, azophenene is the main substance formed, and ammonia is also 


“ Journ. Soc. Chem. Ind. (1893), 12, 415, 
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present. The sunlight therefore, in this climate, produces a profound 
decomposition of aniline, oxidation to azophenene and simultaneous reduc- 
tion to ammonia and probably benzene taking place.. No data for com- 
parison with the same reaction as produced by the sunlight of temperate 
climates are at hand, but it is safe to presume that a change of the kind 
just mentioned does not take place-except with extreme slowness in 
northern latitudes; at least nonc of us have ever become aware of it before 
working in Manila. 

Mr. Gibbs has also taken up the study of the oxidation of methyl alcohol 
in the sunlight and has shown that formaldehyde is readily produced in 
this climate, although in other, more northern portions of the earth, no 
reaclion at al] could be noted under these conditions. Methyl salicylate is 
also colored jn the sunlight of Manila with a fair degree of readiness, the 
methyl alcohol produced by the hydrolysis of the ester being oxidized to 
formaldehyde and the latter condensing with the derivatives of salicylic 
всій to produce a dye. 

All of the reactions which have been mentioned are still the subject 
of investigation, but enough has been brought out to render certain that: 
the tropical sunlight, in fact, produces chemical changes which either 
take place much more slowly in temperate climates, or indeed do not take 
place at all. 


THE DECOMPOSITION OF OXALIO ACID BY SUNLIGH'T IN THE PRESENCE OF 
URANIUM ACETATE, 


In order, if possible, to obtain a quantitative estimate of the effect of 
the sualight at this latitude, and to institute comparisons between this 
effect and that to be observed in the more northern portions of the United 
States, Dr. Raymond F. Bacon, of the Bureau of Science, has modified the 
method adopted by Duclaux.'* 

The latter author, subjecting oxalic acid to the action of the sunlight, 
in the presence of oxygen, in various parts of the globe, encountered the 
following remarkable facts. ` 


Two months of uninterrupted observation showed that the solar combustion 
passes through very different values within twenty-four hours, These changes 
are sometimes very sudden and execed, especially those of the thermometer, the 
barometer, and even those of the average brightness of the day. 

So, for example, on a fine day without clouds, there was 34 per cent of the 
solution of oxalie acid destroyed, while, only five days earlier in the year, on a 
day with slight cirrus, 35 per cent were burned. A bright day in October showed 
12 per cent as against 20 per cent when the sky was cloudy during the entire 
time of exposure, and even greater contrasts, from 7 to 28 per cent, were observed 
on days entirely similar to al] outward appearances. The maximum decomposi- 
tion appears to be in the spring. 


и Smithson, Contrib, to Knowledge (1903), 29, 1034, 
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Comparisons made in August between St, Pierre le Port, on the Channel, and 
Helsingfors (latitude 60° 10°) gave as a maximum 44 per cent of decomposition 
in France and 77 per cent in Finland, between the hours of 8 and 4, a most 
remarkable result, tending to show that the chemical effect of the sun’s rays, in 
late summer, is greater at the far northern latitude of Hesingfors than in Franco. 
In Algeria, during the same months, the maximum was only 14 per cent, Accord- 
ing to Duclaux’s experiments, therefore, the chemical effeets of the виша light 
diminishes in the summer months as we proceed from a northern climate toward 
the equator. 


The above results do not hold good in Manila. Tere, following the 
method of Duclaux, Doctor Bacon has found that, using 10 cubic centi- 


meters of 10 oxalic acid, the decomposition of oxalie acid, between the 


hours of 8 and 4, is almost always practically complete. —"Phus, the figures 
for four days are 68, 96, $5, and 100 per cent, respectively, and even on 
а day over one-half of which was cloudy (January 19), complete oxidation 
had taken place by 5 o’clock in the afternoon. While there is no doubt as 
to the results obtained by Duclaux in the dry climate of Algeria, near a 
great desert, it certainly is true thal those reached in Manila are contra- 
dictory to the ones which have been quoted, and that Шеге is here a marked 
increase in the rate of decomposition. 

However, the oxidation of oxalic acid in the sunlight suffers from a 
great defect. Duclaux noticed that a solution when first exposed decom- 
posed very slowly and that the reaction is subsequently rapidly acceler- 
ated. We have shown here that this phenomenon depends on the forma- 
tion of hydrogen peroxide, and that the increasing rate is due lo 
autocatalysis. While the method, therefore, gives a certain measure of 
comparison, it is not above criticism. 

The decomposition of oxalic acid in the presence of uranium acetate js 
not dependent upon oxidation, and is not accelerated by autocatalysis, and 
is therefore much better adapted to comparative study." Doctor Bacon 
also had the good fortune, while in America on leave, to compare this 
reaction in Chicago with that in Manila. The time in Chicago was 
during the months of May and June; the total average extending over ten 
days gave, for Chicago, approximately 100 cubic centimeters of gas in 
two hundred minutes, and in Manila, with the same solutions, 100 cubic 
centimeters in forty minutes. It is also at present noticeable, in this 
climate, that as the altitude of the sun is increasing, the decomposition is 
accelerated ; thus, January, 1910, gave an average decomposition of 0.081 
gram of oxalic acid per hour as compared with 0.090 in the middle of 
February. The optimum day in Manila has far exceeded the ratio of 
8 to 1 observed above, and has more nearly reached 20 to 1. 


" Raymond F. Bacon. This Journal, Sec. A (1907), 2, 129. 
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ACTINIC AND NONAOTINIC DAYS. 


The differences between various days apparently similar in every 
respect as regards insolation is very remarkable, and what is still more 
striking, hazy days seem often to bring about greater decomposition of the 
oxalie acid than those which are perfectly clear; conditions which had 
previously been noted by other authors referred to in this paper. 

A table will make this more evident. 


TARTE T. -Decomposition of отайс acid in the presence of uranium acetate. 


Decom- 
Н position, 
Хо. | 1910. | grams of Day. 
oxalic | 
acid. | Џ 


= | = 
Jan. 17 0.084 | Bright sun. 

Jan. 19 | — 0.083 | Hazy. 

, Jan. 19 0.049 | Partly cloudy. 

4 0.080 ! Partly cloudy, but on the whole fair, 

5| 0.050, Bright sunlight. 

Feb. 7 0.035 | Sun intermittent but still partly bright. 
5 0.045 | Hazy and cloudy, 

9 0.075 | Hazy and cloudy. 

Feb, M 1.000 | Bright sunlight. 

10 | Feb. 16| 0.085 | Partly cloudy, 

М; Feb. 17 1.120 | Bright sunlight. 

12 | Feb. 18 0,041 | Cloudy. 

13 | Feb. 21 0.037 | Cloudy, 

14! Feb. 22 9.073 | Bright sunlight. 

15 | Feb. 23 1.800 | Bright sunlight. 


It is feasible, therefore, to divide even the days of bright sunshine into 
those which are “actinic” and others which are “nonactinic.” Thus, 
numbers 9, 11, and 15 are distinctly actinic, whereas number 5 and 14 are 
nonactinic; undoubtedly the effect of insolation in the Tropies during 
the former would be much greater than during the latter; indeed, some 
of the nouactinie days are very nearly like those of temperate climates. 


THE EPFECT OF TROPICAL SUNLIGHT ON THE ATMOSPHERE, 


Another phenomenon to be observed in Manila in a marked degree, and 
which, so far as I am aware, has поё been recorded in the literature from 
other climates, is the extensive ionization of the air when exposed to the 
sunlight. Doctor Bacon, using a modern electroscope, has been able to 
show that our atmosphere, when exposed to the, direct rays of the sun, 
rapidly discharges the instrument, the loss of potential being 46 volts 
per hour, whereas, in the diffused light of a room it is only 15, and during 
the night 6, for the same volume of air. ‘This is certainly а remarkable 
result, which deserves further study. The only comparative data on hand 
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are a few by Elster and Geitel 2° giving us an indication of what the fall 
of voltage would be in northern climates. They found, in Vienna on a 
foggy day, a voltage of 2.77, in clear weather, 8.58, but on a day when the 
sky was half overcast, 18.67. These authors ascribe the phenomenon 
to radio-activity, but our results in Manila, where radio-active phenomena 
are not especially prominent, would lead to the conclusion that the air 
is ionized by sunlight. The presence of this ionization in so greal a 
degree in our atmosphere would indicate a condition of the solar spectrum 
which might well account for many of the so-called excessive etfects 
which have been observed. 


JHE EFFECT OF SUNLIGIIT ON MICROORGANISMS. 


A great mass of literature exists on this subject, hut the later publica- 
tions of Hertel ° have brought the study down to such a clear basis that 
it seems scarcely necessary to enter into the work of previous authors with 
any detail. Suffice it to say, it is a fairly well established fact that 
bacteria and even their spores are destroyed by sufficient exposure to 
the sunlight. Of course, the time necessary for this Несі varies greatly 
with the latitude and the degree of insolation, and naturally the errors of 
observation are very large. 

The general method of procedure has been to expose plate cultures or tubes 
to the direct action of the sunlight during fixed hours, placing controls т the 
incubator, and covering either portions of the plates or tubes, or their contents 
where needed, by tin foil. Of course, in the majority of published researches, 
сате was taken to exclude heat action by proper precautions. Different colors 
were produced by colored plates or solutions, in some instances spectroscopically 
examined. But few of the authors have used quartz prisms and Jenses to give 
a spectrum. It is well known that glass absorbs the ultra-violet of the spectrum. 


Hertel undertook his experimental work not by employing the entire 
suntight, or by blending with colored glasses, but by the spectrum of the 
sun from the ultra-violet region, using an apparatus the parts of which 
were constructed of quartz, testing the action of the light within different, 
but sharply defined regions of determined wave length. ‘The first source 
of light employed was the bright linc from magnesium at A+280 ни. 

Bacteria and vibrios (B. coli, В, prodigiosus, the vibrio ot cholera, B. typhosus 
and others) in the first moments of illumination by this portion of the spectrum, 
increased in motility, that is, gave evidence of stimulation, but after a few 
seconds there was a retardation and finally complete rest. The bacteria of decay 
also were markedly affected, with final death. Especial experiments demon- 
atrated that the light had no effect on the culture media, so that the sterilization 
resulted because of the action of ihe radiant energy on the отда! 8 alone. 


x» дни. d, Phys. (IV), 2, 425. Тһе authors used an instrument of identical 
form with our own. 

7 Zischr. f.-allg. Physiol. (1904), 4; (1905), 5; (1906), 6; Rev, in Biol. 
Centralbl, (1907), 27, 510. 
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Paramecia, when exposed, showed an instantaneous state of unrest, with a 
tendency to escape from the illuminated field, longer illumination finally brought 
about their complete decomposition. Nematodes were more resistant, death fol- 
lowing only after two or three minutes, Larve of amphibia showed a decided 
wandering of pigment toward the spot in contact with the light. All of the 
organisms investigated had a marked reaction toward light of 280 рр, first in 
inereased motility or contraction of contractile tissues, followed by lassitude, 
slowness of motion and fina] death. Toxins and ferments were also tested, so, 
for example, the toxin of diphtheria was rendered entirely inert after five min- 
utes; trypsin, diastase, and the ferment of rennet were also profoundly affected, 
but not in as great a degree as the toxins. 

The experiments next were extended to lights of various wave lengths, the total 
energy of each region of the spectrum being measured thermo-electrically, it 
developing that “the action of one and the same spectral line is directly propor- 
‘tional to its total intensity, as measured thermo-electricaliy.” 

The physiological action of the rays diminishes with increasing wave length, 
a difference of 50 ри showing a marked effect. Light of 280 ад kills organisms 
almost at once, whereas that of 440 ша, of equal intensity, does so only after a 
number of hours of action. 

Perhaps the most important result of Hertel’s work, for our present purposes, 
is his proof that not only the tota] energy and the wave length of the incident 
light are of importance, but also the relative proportion of the rays absorbed by 
the organisms, for he developed the fact that the absorption of radiant energy 
by the tissues of the organisms investigated is diminished the longer the wave 
length of the light which is employed. 

The action of a specific kind of light on organisms is therefore not only 
dependent on its total intensity, but is also in the greatest degree related 
to the power of absorption for this light possessed by the tissues. By 
means of erythrosin Hertel was able so to stain the cells of living organ- 
isms that their power of absorption for waves of greater length than 280 
pe was markedly increased. The introduction of this experimental modi- 
fication enabled Hertel to demonstrate that even the visible light rays 
could bring about destruction of tissue in the same time as the ultra-violet, 

The physiological action of light rays is therefore not dependent upon 
any specific region of the sun’s spectrum, the wave length is only of impor- 
tance in such degree as the total energy, and the power of absorption is 
determined thereby. A plant, for instance, for the existence of which 
light is absolutely necessary, takes on a color which is complementary 
to the incident rays, for cxample, Oscillaria sancta colors red in green 
light and green in red. Light also has an unfavorable effect on the 
phenomenon of cell division, but this only takes place with higher intensi- 
ties, Different pigment cells have a different absorptive power for inci- 
dent light, according to its wave length, but the ultra-violet rays are 
eqnally absorbed by all. Therefore, the latter differ markedly from visible 
light, in which the absorption maxima, according to the color, lie at 
diverse and far-removed parts of the spectrum. 

The character of the pigment, therefore, is of fundamental importance 
in determining the effect of insolation for all save the ultra-violet rays; 
but the experiments of Baly on chemical substances, in distinction to 
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those of Hertel on the pigments of natural tissue, have shown that. the 
absorption of the former for ultra violet light differs markedly accord- 
ing to the nature of the chemical individual employed. 

While Hertel’s investigations have no direct bearing, at present, on the 
subject of tropical sunlight, because concrete and connected experiments 
in the Tropics are Jacking, still the coloyggion of phenol and aniline, 
the oxidation of methyl alcohol, the rapid decomposition of oxalic acid 
in the presence of uranium acetate, and the intense ionization of the air 
in Manila, are possibly referable to a larger proportion of ultra-violet 
light in the sun’s spectrum at this latitude; and therefore, if this be so, 
it will also be true that living tissues will be affected abnormally, or, in 
other words, we should expect the effects of tropical sunlight upon micro- 
organisms and those of a higher order, and the consequent endeavor by 
pigmentation or other means of these organisms to protect themselves, 
to be similar to those observed by Hertel for the nltra-violet in his spec- 
troscopic investigations. Of course, we must not lose sight of the fact 
that the tropical sunlight probably displays a greater intensity of all 
rays, and that this effect would be cumulative. 

Ewart 9 calls attention to the fact that plants in the sunlight of the Tropica 
seek to protect themselves by the production of a red color (erythrophyll) the 
absorption spectrum of which has a band in the violet. In a journey to Java 
he observed that the red color of the leaves was more common and marked in 
the low, tropical valleys than higher up on the mountains, In the cloud-covered 
belt it was entirely absent, but above the latter it again appeared. 

However, it has not been proved that the tropical sunlight really does 
contain a greater proportion of ultra-violet light than that of northern 
climates. So far, we can only come to the conclusion that it has a greater 
intensity, as the experimental work which I have given has shown, and 
that a certain proportion of rays lying in the ultra-violet is present. 
Greater intensity, although with but a small area in the latter portion 
of the spectrum, would bring about results similar to those which would 
be observed if the light extended to 280 ри beyond. 


THE SPECTRUM OF THE SUN IN MANILA DURING FEBRUARY, 1910, 


We have endeavored to solve this problem in Manila by the construc- 
tion of an instrument from such means as аге at hand. Funds have 
heretofore been lacking to have made by the best mechanics of America 
or Europe a spectro-photographic apparatus enlirely adapted to the 
needs of the investigation. 


Our spectroscope consists of a Rowland grating, а heliostat, both very kindly 
loaned to us by the Philippine Weather Bureau, and a quartz lens and slit taken 


15 Journ, Linn. Soc, (Bot.) (1895), 31, 364; Ann. Bol, (1897), 11, 440. 

1 [ wish at this place to express my sincere thanks to the Reverend Father José 
Algué, Director of the Weather Bureau, at Manila, for his loan of apparatus 
and his most kindly coöperation in all that we have asked of him. 
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from a Zeiss ultra-violet photomicrographie apparatus. ‘The three are mounted 
in a line upon a prism base, and the image of the spectrum is projected upon 
а camera placed at one side, and in the plane of the slit. The necessary motions 
of camera, lens and grating are provided, but, unfortunately, we can not work 
with curved plates, so that only a small portion of the Spectrum is in focis at 
one time. The whole apparatus is inclosed in а light-tight box and secondary 
spectra are excluded by an appropriate shield within the box. (See fig. 1.) 
The use of the heliostat can be avoided by pointing the epparatus directly. at ` 
the sun. * 

The spectra obtained at noon ате shown by Plate I. They do not 
probably extend beyond A=291 и р, and therefore not much farther than 
has been observed by others. Measurements undertaken by Miethe and 
Lehmann?" in Assuan, Berlin, Zermatt, Gornergrat, and Monte Rosa 
give practically identical numbers, namely 291.55 up to 291.21 pu during 
the latter part of August and the first part of September ; these anthors 
finding, in contradistinetion to the observations of Cornu,”™ that altitude 
above the sea level makes no great difference. Ав one of these places 
is at 24° 30' north latitude, where the others are in northern climates, 
it is evident that as the extent of the ultra-violet field does not change 
materially, the inteusity factor in the solar spectrum must vary to a great 
extent in different places. However, it is possible that a considerable 
range of ultra-violet is absent at present (March 1) from our sunlight. 
Probably this area will increase as the angle of the sun diminishes and 
as the scason advances; and it may reach a maximum in April, although 
these recent: results would seem to indicate that стоп here we will not 
get below 288 ди. 3 

Enough has already been demonstrated to prove that the emphasis 
placed upon the ultra-violet spectrum in the preceding part of this paper 
is justified. 

GENERAL CONSIDERATIONS. 


Н we consider the equator as being in one plane and the poles in 
another, normal to the incident rays of the sun, it is obvious that the 
relative distance between these two points is practically infinitely small 
as compared with the distance of the sun from the earth. If we regard 
this phase alone, obviously *he insolation at ihe equator and the poles 
would approximately Әс equal. However, these two posiiions are on 
different points of a sphere, which js surrounded by the atmosphere, so 
that not only is the angle of incidence of light vays different in different 
regions, bui also, as they pass from the ether into the atmosphere at 
differen. angles, they suffer refraction in differing degree. The shorter 
wave lengths, in this respect, are influenced to a greater extent than the 
longer. and, under proper conditions, are even finally. totally absorbed or 
reflected, so that none would reach the earth. This condition would 


У Sitzungsber. d. k. Pr. Akad. а. Wissensch. (1900), 8, 268, 
“Compt, rend, Acad. Sei. (1879), 88, 1107; ibid 89, 808, 
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come about the more readily, the greater the number of layers of the 
atmosphere of different densities which exist at any given place. So, 
in northern climates, where irregular and high winds may prevail, strata 
might be produced in great numbers by meteorologie couditions, and аз 
each layer or stratum has a different density from the one above or below 
it, it would take its part in the total amount of refraction. Where the 
distribution is fairly equable as it is in the region of the trade winds, 
we would expect a greater proportion of the waves of short length to pass 
the atmosphere to the earth; at about 30° of latitude accurate observa- 
tions will probably discover locations in which the sun has great actinic 
power. At the equator, where the great mass of heated air rises to flow 
toward the poles, while the air from the north and south passes in, we 
may have what might be termed an atmospheric lens effect, serving to 
concentrate the rays of the sun, as they pass from the rarer to the denser 
medium, and thus giving more intense insolation, In this discussion 
the modifying factors of diffused light, and of that reflected from the 
earth, are not taken into consideration, obviously ihese will vary greatly, 
and will be much influenced by local conditions. 

Although we may conclude, from the experimental data given in the 
preceding portions of this puper, that insolation in our regions is really 
of greater intensity than it is in northern climates, we must also note that 
the measurements of value in determining this question are undertaken 
on days of bright sunlight or of slight haze. It has already been shown 
that the latter are often more “actinic” than the former, perhaps because 
of reflection of the sun’s rays which reach the earth, thus increasing the 
total quantity of light over that which would be present on a clear day. 
This, however, does not account for the differences observed between (мо 
equally clear days at the same time of the year, one of which may be 
“actinic,” the other “nonactinic.” 7 

What causes this difference? Is it brought about by air currents of 
differing density, causing refraction or even total reflection of a portion 
of the light? Js il due to some disturbance in the chromo- or pholosphere 
of the sun itself? Or, again, has the phenomenon of ionization of the 
air, by absorbing the radiant energy for this purpose, a connection with 
these conditions? I confess I am neither physicist, astronomer nor 
meteorologist, and must leave the answer to others. It suffices here to 
state that this is a fact which must be reckoned with іп discussing the 
total annual insolation of our regions. 

Again, when we consider many placcs in the Tropics, which are те- 
garded, ах a whole, as having a climate unsuited for continued residence 
of European races, we must remember the large proportion of the year 
in which the sky is overcast. Cloudy days, in distinction from those in 
which the sum is but p:,ctly obscured by haze, naturally show the effects 
of insolation to a much less degree than days of sunlight, the intensity 
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of the light diminishing with the density of the clouds. The Philippine 
Weather Bureau has stated to me that, so far as they are aware, twenty- 
four hours never pass on the Island of Luzon entirely free from cloud, 
and if we calculate the average number of hours of sunshine in Manila 
as compared with those of many other places in northern climates, such 
as Denver or Santa Fe, situated in the Middle West of the United States, 
we find the figures very must less for this district, namely, for Manila, 
51 per cent of the theoretical sunshine as against 69 per cent for Denver 
and 76 per cent for Santa Fe. Even Chicago and New York present 
figures higher than Manila, namely, 57 per cent for Chicago and 56 per 
cent for New York. While, during the clear days, the sunlight may be 
ynore intense here, nevertheless many northern climates have, on the 
average, more hours of insolation, entirely regardless of the lengthening 
of the days during the summer months as we leave the equator. И we 
take an enjire year we may not have a greater amount of radiant energy 
here than in many places of the Temperate Zone, and perhaps even less. 

To what, then, are the supposed untoward effects of the tropical 
climate due? Ts it perhaps that at certain times of the year we may have 
a greater intensity of light, although the average may not be any more? 
It this were irue, would not the total result be even more apparent in 
such regions as New Mexico, or in deserts, in which certainly the sum 
total of insolation would be larger in quantity than in Manila? Un- 
doubtedly, periods of great light intensity would, during certain times, 
have their effect in the more rapid destruction of lower organisms, and 
on plant life, on which only a bricf period of excessive insolation would 
be either destructive or highly detrimental, but is this true of a highly 
organized being such as man, who, for a large part of the year, is pro- 
tected, to a greater or less extent, by metcorologic conditions? The 
results of intense insolation do not seem to be so very apparent in this 
region ; certainly cases of sunstroke are rare. 

Much has been done in the way of experiment with clothing and head 
coverings of various colors, зо ав to avoid these very same effects, but in 
introducing any such modification the experimental work of Baly and 
his co-workers 22 in regard to the absorption spectra for ultra-violet of 
the various dyes must be taken into account. It docs not matter so 
mych what the color of the dye is, so long as it presents a considerable 
abebrption band in the proper region of the spectrum. 

It seems to me that in any discussion of the effects of the Tropics, not 
only the sunlight, but also the general average Inunidity, the proportion 
of cloudy and rainy days, and above ali, the continued equable tem- 
perature without sharp contrasts of heat and cold, must be taken into 


? Journ. Chem, Soc. London (1904), 85, 1029; (1905), 87, 1332; (1906), 89, 
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consideration. ‘Then, too, we must remember that the hygienic surround- 
ings are different here than in our home countries, and in the majority 
of districts lying in these regions the native population has not, as yet, 
advanced sufficiently in education to climinate many of the factors which 
in themselves may produce a marked effect. Perhaps, when modern 
methods һауе been more generally extended, the world may to a large 
extent alter its opinion in regard to this portion of the globe. Europeans, 
coming to the Tropics, change their mode of life, and do many imprudent 
things which bring their after-effects. 

The subject which I have undertaken to discuss is so complex, the 
experimental work is as yet so little advanced, that I have been able 
to give only an outline of what may be done, and to suggest lines of 
investigation for the future. Many of the papers or monographs which 
have a more от less direct bearing on it I have not been able to quote 
at all for lack of space. The physicist,.chemist, meteorologist and 
experimental biologist should all combine to bring а clearer understand- 
ing into the field; the plant physiologist and ecologist certainly have 
topics for study for many years to come. If my paper may seem to be 
inconclusive aud simply to bring together a number of nonrelated results, 
it is because the subject can not, at present, be treated in any other way. 

Work on the sunlight will be continued in the Bureau of Science 
as opportunity affords, and we hope, in the not too distant future, to 
bring greater clarity into the field. The biological laboratory, with the 
means now at hand, will also study the effects of tropical light on 
microorganisms. 
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ILLUSTRATIONS. 


PLATE І. Spectra of various metals and of the sunlight taken with the grating 
and quartz lens. The lines in the ultra-violet are obscured by repro- 
duction. The print is given to show, approximately, what the 
instrument will do, and a more complete series will be published in 
another communication, when better results are obtained. 


TEXT FIGURE. 


Fic. 1. А. Lateral view of spectroscope; В. End view of slit and camera; ©. 
Grating; D. Quartz lens; E. Shit. , 
19 
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. THE TREATMENT ОЕ TRYPANOSOMIASIS WITH ESPECIAL 
REFERENCE TO SURRA.' 


Ву Біснаго P. STRONG and Oscar TEAGUE. 


{From the Biological Laboratory, Bureau of Science, Manila, P. I.) 


One of the most important problems that confronts the scientific 
medical world to-day is the treatment of trypanosomiasis. Sleeping 
sickness is claiming its thousands of victims each year in Africa. New 
districts are becoming infected and the disease is on the increase in 
certain others in spite of the precautions that are being taken. From 
an economic point of view the loss of horses, cattle and camels from 
surra and other forms of trypanosomiasis is very large. India, Egypt, 
Java and the Philippines have suffered severely in this respect. The losses 
during the epidemi¢ which began in Manila in 1901 amounted to several 
millions of dollars. Almost all of the large islands of the Philippines 
have been shown to be infected from time to time with surra, and the 
loss in horses and cattle has been constant and of no small magnitude. 
From 2. theoretical point of view, studies in the treatment of trypanoso- 
miasis have led to the development of a new field in therapeutics, viz, 
that of “chemotherapy.” Since the irypanosomata are motile and live 
for several hours in defibrinated blood, it is possible {о study the action 
of various chemical substances upon them; such of these substances as 
prove to be effective against the parasites in vitro may then be tested by 
injection into infected laboratory animals. By these methods it can 
readily be determined whether or not changes of a given nature in the 
constitution of an organic compound improve its efficacy against the 
irypanosomata. А 

In the following discussion we shall not consider the development of 
the therapy of trypanosomiasis in chronological order, nor attempt to 
consider the entire literature upon this subject, but, for the sake of 
clearness, we shall arrange ihe more important methods of treatment in 
the following order and discuss each separately : 

І. Serum therapy and yaccination, 

П. Treatment with aniline and other dyes. 

IH. Treatinent with compounds of arsenie. 

ТУ. Treatment with compounds of antimony. 

V. Treatment with a combination of two or more drugs. 


1 Read at the first biennial meeting of the Far Eastern Association of Tropical 
Medicine, at Manila, March 7, 1910. 
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I, SERUM THERAPY AND VACCINATION. 


Antibodies against trypanosomata have been demonstrated in the 
sera of animals suffering from a chronic form of the disease and it has 
even been shown that such sera when injected simultaneously with the * 
trypanosomata of nagaua into rats will sometimes protect the latter from 
infection. However, all attempts to obiain a therapeutic serum against 
the trypanosoma ‘infections have thus far failed. Laveran and Mesnil 
(1902) tested the effect of injecting human serum into nagana-infected 
rats and mice on the supposition that man із not susceptible to nagana. 
It is claimed that marked improvement followed the injection of human 
serum. However, the disease in these animals was not cured. 

The vaccine treatment, that is, the injection of blood containing 
killed trypanosomata, seems likewise to have no influence on the course 
of ihe disease. | 

Martini suggested that the inoculation of cattle and horses in infected 
districts with an avirulent strain of the trypanosoma in question might 
protect them against later infection with a more virulent form of the 
disease. In our opinion this would be a very dangerous experiment ; 
for it seems possible that the avirulent trypanosomata might regain 
their virulence in the course of time and that the “parasite carriers” for 
which we were. responsible might become a fearful menace to all the 
slock of the district. Jn this connection it is interesting to note that 
a number of observers have shown that animals which have recovered 
from trypanosomiasis by treatment are not immune on reinoculation. 
Manteufel also found that a previous combined treatment with virulent 
trypanosomata and a highly immune specific serum does not as a rule 
result in the production of an efficient immunity, 


TREATMENT BY DRUGS. 


In observing the results of any form of treatment, usually the more 
acute the course of the disease, the more readily can conclusions be 
formed in regard to the efficacy of any particular drug. This fact 
should be borne in mind in the selection of the experimental animals for 
testing the various remedies. The extremely chronic character of sleep- 
ing sickness jn man explains why such а long time has elapsed before 
anything like a unanimity of opinion with regard to the efficacy or 
inefficacy of certain drugs has been achieved. 

Since small anjmals very generally tolerate larger doses of medicine 
in proportion to their body weights than do larger ones, theoretically it 
should be easier to destroy parasites in the blood of the former than of 
the latter, It will be seen later in the discussion that this actually has 
been found to be the case. It therefore follows, and should be borne in 
mind in the following discussion of the literature, that results obtained on 
the smaller animals with a given drug can not also be assumed to hold 
good for larger ones. 
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IL. TREATMENT WITH ANILINE AND OTHER DYES. 


The treatment of trypanosomiasis with the aniline colors was intro- 
duced by Ehrlich, who first employed coloring matters belonging to the 
benzopurpurin group for this purpose. A substance (trypan red) was 
discovered which was found to possess marked trypanocidal properties. 
Since this discovery considerable attention has been given by numerous 
observers to the study of the value of other coal-tar dyes belonging to 
the benzidine (diazo) group, to the tripheny! methane, and to the afridol 
colors. 4 

However, very extensive experiments have shown that while the sub- 
cutaneous injections of trypan red, trypan blue, brilliant green, malachite 
green, parafuchsin and а few other dyes, into small animals, such as 
mice and rats, can sometimes permanently free them from trypanosomata, 
larger animals сап not be cured by these drugs. Koch treated a num- 
ber of patients suffering from sleeping sickness in Africa with trypan 
red but obtained snch unsatisfactory results that he soon discontinued 
the use of the drug. ‘The administration of the dyestuffs by mouth to 
experimentally infected animals has given even less satisfactory results 
than the subcutaneous injections. It is true that Ehrlich was successful 
in preventing subsequent infection in mice after feeding them para- 
fuchsin and that this work was confirmed by Browning. However, 
recently Brein] and Nierenstein were unable to obtain any favorable 
results by such a method in large animals. Two horses were fed on 
parafuchsin; one received 15 grams daily by mouth for thirty days and 
died after having shown toxic symptoms from the parafuchsin; the 
second horse received 15 grams by mouth for forty-eight days. On 
inoculation it became infected in the same manner 85 an untreated 
animal. In our opinion the aniline dyes thus far experimented with 
are of practically no value in the treatment of sleeping sickness in man, 
от of trypanosomiasis in the larger domestic animals. This field of 
treatment seems at the present time practically to be abandoned. 


ТИ. TREATMENT WITH COMPOUNDS OF ARSENIC. 


It appears that Livingston and Braid, as long ago as 1858, first 
suggested the use of arsenic for the treatment of horses infected with the 
bite of the tsetse fly. 


Lingard, in 1893, and Bruce, in 1894, also employed arsenic as a curative and 
prophylactic agent for surra and nagana respectively. 

Layeran and Mesnil, in 1902, performed extensive experiments with several 
arsenical compounds, obtaining the best results with sodium arsenate. With 
this drug they were able to cause the parasite to disappear from the blood. 
While the lives of the animals were considerably prolonged, a permanent cure 
was not effected. Similar results were obtained in the treatment, by arsenic, 
of horses afflicted with surra in the Philippines by Curry, Musgrave and one of 
us in 1902 and 1903. Moore, Chichester, Thomas, and Breinl also performed 
extensive experiments with arsenic and sodium arsenate. 
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All of this work demonstrated that while the course of trypanoso- 
miasis could be modified and the lives of many of the animals prolonged, 
with the largest animals, ai least, a cure did not result and the disease 
eventually relapsed. Very severe toxic symptoms and necrosis were 
frequently produced by the drug. Investigators therefore naturally 
sought for a less toxic preparation of arsenic and for one which was less 
likely to cause necrosis. 


F. Blumenthal had shown that atoxyl when given to rabbits was forty-five 
times less toxie than Fowler's solution: Several other observers confirmed these 
results as to the diminished toxicity of this Preparation when compared with 
arsenious acid, Thomas and Breinl first advanced superior claims for atoxyl as 
& curative agent in cases of trypanosomiasis after a most searching test on 
animals. They concluded that it was the only remedy at that time known which 
gave any promise of a cure. 

Almost immediately, numerous investigators undertook the study of the value 
of this drug and the first reports regarding its efficacy in trypanosomiasis 
were usually very favorable. 

R. Koch treated 980 cases oi sleeping sickness; out of 336 cases positive 
results were obtained in 347, The cases were divided into early and advanced. 
Only the former were affected favorably by the drug. " 

Favorable results were also obtained by Manson in 5 cases of this disease. 
Kopke did not secure good results, Out of 29 treated cases of sleeping sickness, 
22 died. Only 2 were in good health at the time the report was шаде, 

Ehrlich then showed that many of the relapses after treatment with atoxyl 
were due to the fuct that the parasites had become more resistant to the drug 
named; they had grown to be “arsenic or atoxyl fast. Ehrlich found after the 
use of parafuchsin, trypan red and trypan blue that resistant strains were also 
developed. Moore's detailed and careful studies in the employment of atoxyl 
soon demonstrated that the efficacy of this drug in the treatment of trypanoso- 
miasis was not nearly so great as might have been supposed from the results of 
the experiments reported earlier. 

In 1909 Moore, Nierenstein and Todd, after extensive experiments with atoxyl 
on dogs, guinea pigs, mice and donkeys, found this drug entirely unsatisfactory 
and incapable of saving the animal when employed alone. Brien! also con- 
cluded chat prolonged experience in the treatment of sleeping sickness in man 
and, to a certain extent in the experimental animals, has proved beyond doubt 
that atoxyl by itseli effects 2, really permanent cure in comparatively few and 
only in exceptional cases of sickness in mar, even after it has been administered 
over a prolonged period, and that nearly all the experiments with horses and 
cattle infected with Trypanosoma gambiense lead necessarily to the conclusion 
that atoxyl alone is insufficient ior a Successful issue of the treatment and that 
it only prolongs life to-a certain extent, the animals nearly always eventually 
succumbing to the disease, 

Tlodges also concluded that the treatment of trypanosomiasis, or of sleeping 
sickness, with atoxyl is far from satisfactory and states that its use alone has 
practically been discontinned in Uganda. 


More recent experiments in the treatment of trypanosomiasis have 
been performed with certain derivatives of atoxyl; one of the most im- 
portant of these is acetylated atoxyl. 
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Acetylated atoxy] (arsacetin) was first prepared by Ehrlich and Bertheim, who 
showed that it was much less toxic than atoxyl for several species of animals 
and that it could be sterilized without decomposition. Browning believed that 
animals could withstand ten times the amount of arsacetin as of atoxyl. Не 
also believed that the drug was much more effective than atoxyl in the treatment 
of infected mice. The experiments by Breinl, however, seem to show that 
arsacetin is less toxic for animals very susceptible to atoxyl, such as dogs, and 
that proportionately it is not Jess toxie for horses and guinea pigs. Uhlenhuth 
and Woithe confirmed the fact that arsacetin wat less toxic for rats than atoxyl. 
Browning and Wendelstadt, who employed the drug in the treatment of rats, 
noticed marked tremor a long time after the injection of the drug, in the animals 
which recovered. Wendelstadt concluded that while rats could be cured with 
arsacetin, in the large doses required to produce a good result, uniavorable 
symptoms usually appeared. Moore, Nierenstein and Todd found arsacetin supe- 
rior to atoxyl. However, when used alone, the animals were not cured by this drug. 

The only difference from w chemical standpoint between arsacetin and atoxyl 
consists in the partial acetylation of the amino group. Kopke has reported it 
to be very probable that in the treatment of human trypanosomiasis one can 
obtain with arsacetin the same therapeutic result as with Atoxyl, perhaps with 
less risk of poisoning. Eckard has employed the drug in 134 cases of sleeping 
Sickness, Eighty-six of these were improved, but the cases had not been observed 
for a sufficient length of time for the author to determine definitely the efficacy 
of the drug. Пе considered the drug to be as valuable in the treatment of sleeping 
sickness as atoxyl. 


Apparently, no reports of the use of this drug in the treatment of the 
larger domestic animals have been published. The consensus of opinion 
seems to be that it possesses about the samo, or a little better therapeutic 
value than atoxyl. 

Experiments with other derivatives of atoxyl, such as salicyl aloxyl, 
formyl atoxyl, sodium p-hydroxyphenyl arsenate, disodium azobenzene 
4-arsenate, disodium 4-oxyazobenzene 4-arsenate, tetrasodium phenazime 
4-arsenate, sodium di-p-acetyl aminophenylarsenate (Breinl and Nie- 
renstein) and with substances closely allied, but having instead of an 
aniline a toluidin nucleus, for example, orsudan and its derivatives, have 
also been undertaken, but with no more favorable results. 

This concludes the list of compounds of arsenic which have already 
been extensively employed. The use of arsenophenylglycin, a new prep- 
aration, will be considered when our experiments are discussed. 


IV. TREATMENT WITH COMPOUNDS OF ANTIMONY. 


Plimmer and Thomson suggested the use of antimony. an element 
chemically closely allied to arsenic, in the treatment of experimental 
trypanosomiasis in 1907. 


They employed the sodium potassium and lithium salts of antimonyl tartrate, 
of which the sodium antimonyl tartrate proved to be the most efficacious. ТЕ 
quickly caused the disappearance of the parasites from ihe blood after injection. 

Of 39 rats injected and treated with the drug, the majority were living 
fifty-two days later. This interval is obviously too short io enable а judgment 


| 
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in regard to the final result’ of the experiments to be made. In more recent 
work, performed during the past year, these authors state that antimony is as 
valuable as arsenic in the treatment of trypanosomiasis. 

Mesnil and Brimont experimented with potassium antimony] tartraie in rata 
and found that the drug caused the disappearance of the parasites from the 
circulation in about two hours after the injection, but that in many cases they 
reappeared in the blood. The animals iufected with some, but not all, of the 
species of trypancsomata were стей by this drug, 

Boyce and Breinl, however, #14 not find sodium antimony! tartrate to give 
good results cither in infected rats or horses. One horse and one monkey were 
treated with this drug, both eventually succumbed to the disease. 

Mesnil and Brimont found in further experiments on mice, that when the 
animals were treated with tartar emetic, relapses usually occurred, although in 
the case of the trypanosomata of surra and dourine the parasites disappeared for a 
time after a single injection of the antimony compound, 

Laveran also found tartar emetic unsatisfactory, and sulphide of antimony 
less active than sulphide of arsenic (orpiment). 

Ublenhuth and Woithe treated 27 rats with sodium antimony] tartrate. 
Their results were very discouraging. Repeated injections did not even cause 
temporary Фаза ррсата" се of the parasites. 

Manson has reported the unsatisfactory treatment of one case of sleeping 
sickness with this drug. 

Broden and Rodhain have used soluble as well as insoluble compounds of 
antimony in cases of sleeping sickness. The hypodermic injections were followed 
by great irritation and pain so that the drug was given intravenously, Seven 
hundredths of a gram sometimes caused the disappearance of the parasites from 
the blood, but they frequently reappeared after a short time. After repeated 
injections the patients usually lost appetite and complained of malaise. They 
regard the antimony compounds as about of equal value with atoxyl. 

Hodges states that the treatment both with antimony cream and with tartar 
emetic, singly, has been unsuccessful; that these drugs do not seem to he effective 
for any length of time und that the treatment of patients with antimony compounds 
had been discontinued in Uganda at the time the report was made. 

Breinl and Nierenstein attempted to prepare an organic antimomy compound 
analogous io atoxyl. After many trials they succeeded in making para, meta 
and ortho aminophenyl stibinic acids. The ortho compound was impraetieable 
and the meta was unsatisfactory. Extensive experiments with the para compound 
showed it to be a fairly powerful trypanocide, although not so rapid in its action 
as sodium antimony] tartrate. It was less likely to cause abscesses on injection. 
The authors advise a careful, systematic examination of the urine in the савез 
treated because of the danger of the production of kidney lesions. 

Kopke has treated a few cases of sleeping sickness resistant to atoxyl, with 
this drug. The injections seemed to cause the disappearance of the parasites, 
although the author states the inoculations were far too painful for general use. 

Laveran has recently suggested the use of an aniline compound of antimony. 
In potassium antimony] tartrate potassium was replaced by the aniline radieal. 
Several experiments on guinea pigs seemed to show that the drug was superior to 
the potassium salt of antimony. A few injections had been made in natives of 
Senegal, but no final results have been reported, 

In the further treatment of sleeping sickness, neither Martin and Rigenbach 
nor Broden and Rodhain have found tartar emetic administered alone of any 
great value; the action of the drug after injection is marked, but, as a rule, is 
only temporary. 
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V. TREATMENT WITH А COMBINATION OF DRUGS. 


A number of investigators who have failed to secure good results 
in the treatment of trypanosomiasis by single drugs have sought by a 
combination of two or more to obtain better ones. Some encouragement 
was given to this idea from the fact that in treating animals infected 
with trypanosomata, which, for example, had been injected with certain 
of the dyes or with arsenic compounds and in which dye fast or arsenic 
fast strains of trypanosomata had developed, injections of antimony 
seemed more successful owing to the fact that the parasites were not 
antimony fast. Also, certain drugs which by themselves were inactive 
against trypanosomata, for example, compounds of mercury or picric acid, 
when used in combination were supposed to be effective. A large number 
of experiments have been performed with these various combinations of 
drugs, but usually with little more definite success than with the 
remedies employed singly. The following may be mentioned among the 
combinations of drugs which have been largely employed: (1) Atoxyl 
and various dyes; (2) atoxyl and bichloride of mercury; (3) atoxyl and 
tartar emetic; (4) atoxyl and orpiment. 


TREATMENT WITH ATOXYL AND ARSENIC SULPHIDE (OEPIMENT.) 


Laveran and Thiroux found that a combination of trisulphide of arsenic or 
precipitated orpiment with atoxyl gave encouraging results in the treatment of 
guinea pigs infected with trypanosomiasis. 

Thiroux and Teppaz treated four horses in this manner, apparently successfully, 
as all were cured and under observation for six months. The authors state that 
the animals were infected with a species of trypanosoma other than the one caus- 
ing surra. Two of the horses were treated with the sulphide alone, neither of 
these being infected with the surra parasite, Both recovered. 

Holmes from India has also reported favorable results with the combined ntoxyl 
and orpiment treatment. Seven guinea pigs and two rabbits infected with trypa- 
nosomata received atoxyl and orpiment. In no instance did the trypanosomata 
reappear in the blood after the first injection of atoxyl. However, four of the 
guinea pigs died during the period of observation—three months. In the three 
which lived, four, six and seven doses of the drug, respectively, were given. Seven 
ponies were also trealed with atoxyl and orpiment, given alternately with an 
interval of one day between each dose. In four, the author reports the treatment 
to have been successful. Two of the animals of this series and four other ponies 
not included in this seríes died of the treatment, One relapsed and was treated 
with atoxyl, orpiment and tartar emetic for fifteen days and was stated to be 
eured. Six other ponies were treated with а combination of atoxyl and tartar 
emetic plus orpiment and sodium arsenate. In three of this series the results 
were not successful. А number of animals showed relapses before they were cured. 
The doses of orpiment employed were much smaller than those recommended by 
Laveran and Thiroux, who administered up to 30 grams. The maximum dose 
employed by Holmes was 3 grams of commercial arsenious sulphide of a light 
yellow eolor. S. H. Gaiger has reported on the treatment of camel surra with red 
and yellow orpiment. The results were entirely unsatisfactory. In one сате! 
treated with atoxyl and orpiment the result also was not successful, 
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TREATMENT WITH TRYPAN RED AND ARSENIC, 


In 1905, Laveran first suggested a combination of trypan red and arsenious 
acid in the treatment of trypanosomiasis, He bad obtained good results in mice, 
rats and monkeys. Franke also strongly recommended the use of trypan red and 
arsenic for this treatment, 

Wendelstadt and Fellner suggested a combination of arsenic and brilliant green 
and brilliant green and nucleic acid. Magalhaes did not obtain favorable results 
with sodium arsenate and brilliant green. 

Thomas gave up the combined arsenic and дус «reatment because of thé 
nephritis and local necrosis so frequently caused by it, although Breinl and he 
thought that а combination of arsenic and an improved form of trypan red, if 
it could be obtained, would seem indicated in the further search for a cure- of 
trypanosomiasis. 

TREATMENT WITH ATOXYL AND MERCURY. 


Moore, Nierenstcin and Todd obtained the best results with injections of 
bichloride of mercury after the parasites had been caused to disappear from the 
peripheral circulation by treatment with atoxyl. While in small animals the 
results were favorable, in larger ones ihe drugs were not sufficiently efficacious 
іс be of practical value. 

Plimmer and Thomson found that the combination of atoxyl and succinimide of 
mercury was most successful. In а later communication, however, their results 
were not so favorable, Where sufficient doses of the compound of mercury were 
given, chronic lesions of the kidney and liver were observed. 

Moore, Nierenstein and Todd іп further experiments with rabbits and 
donkeys infected with Trypanosoma gabiense, used atoxyl and biehloride of 
mercury. The ouicome of this work was, to use the authors’ own words, 
extremely disappointing. It was found impossible to save a single animal, 
Of & rabbits infected with Trypanosoma brucei aud treated in the same way, 
4 were apparently cured. These authors also performed experiments on dogs, 
guinea pigs and mice with arsacetin (acetylated atoxyl), followed by bichloride of 
mercury. ‘They considered treatment with arsacetin followed by a compound of 
mercury more efficacious than treatment by arsacetin alone, and arsacetin of more 
value than atoxyl, but believed none of these methods to be of practical value 
since death invariably oceurred. 

These. authors also employed combinations of atoxyl-silyer nitrate; atoxyl- 
lead acetate; atoxyl« -quinine cacodylate; atoxyl-potassium biehromate; atoxyl- 
quinine. 

These were found to be valneless. Treatment of mice infected with Trypa- 
nosoma brucei, with trypan red followed by bichloride of mercury, was superior 
to trypan red alone, but inferior to the combined treatment with atoxyl and 
biehloride of mercury. 

Laveran and Thiroux also used a combined treatment with atoxyl and bichloride 
of mercury on guinea pigs infected with the surra parasite. Their results were 
not particularly favorable, although better than with the treatment by atoxyl 
alone, 

Uhlenlutb, lfübner and Woithe report that in rats the combined treatment 
was oi considerable value. - 

Gray described а thorough trial of the treatment of sleeping sickness with 
atoxyl and bichloride of mercury. The results obtained were much superior to 
those with atoxyl alone, but were far from satisfactory. 
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Broden and Rodhain found that the combined treatment with atoxyl and bi- 
chloride of mercury did not prove itself at all superior to that with atoxyl alone, 

Breinl employed acetylated atoxyl, sublimate and Donovan’s solution, in 6 
monkeys. Five ont of the 6 animals were alive and free from parasites at the 
time the report was made, 

Hodges states that the results of the treatment of sleeping sickness with 
atoxy! and biehloride of mercury do not, at present, promise to be of a more 
permanent nature than do those with atoxyl alone. 


TREATMENT WITH ATOXYL AND ANTIMONY. 


Broden and Rodhain, and Martin and Darné, in the treatment of sleeping 
sickness, combined atoxyl with injections of the soluble antimony compounds 
with very encouraging results in early cases of the disease. 

Hodges states that in man, treatment by atoxyl and ahtimony has not at 
present shown favorable results in Uganda, although these remedies іп combina- 
tion.and alternation are being more extensively tricd. 

Rennes treated one horse infected with dourine with atoxyl combined with 
antimony. Two months afterwards. the blood of the animal was free from 
parasites. Six months after the beginning of the treatment, the horse was appat- 
ently well. Не was then reinoculated and contracted u new infection. 

Martin, Leboeuf and Rigenbach believe that atoxy! given with tartar emetic 
is more poisonous than when given ‘alone, but that the combination is the most 
effective treatment for trypanosomiasis they have tried. The antimony compound 
was given intravenously in doses not greater than 10 centigrams of a 1 per cent 
solution, They treated 31 cases of sleeping sickness with the combination of 
atoxyl and the ‘antimony compound. Only one of these was in the first stage ot 
the disease, Of the 31, at the time of the report, IO were dead, 11 had abandoned 
ireatment and 10 were still under observation; 7 of these had parasites in their 
blood. The authors finally conclude that while the combination of atoxyl and 
tartar етен с is capable of giving excellent results in early cases, it does not snc- 
ceed in those which have entered the second stage of the disease. 


TREATMENT WITH ARSENOPHENYLGLYCIN. 


Through the courtesy of Prof. Pau] Ehrlich, of Frankfort, who very 
kindly offered to send us new preparations made in bis laboratory and 
which seemed of most value in the treatment of trypanosomiasis, for 
further experimentation in the treatment of larger animals and for а 
demonstration of their practical efficiency, a shipment of arsacetin was 
first receiyed and, in the beginning of the -year 1909, a shipment of 
arsenophenylgiycin. Professor Ehrlich has continued to supply us with 
repeated shipments of arsenophenylglycin and all of our experiments 
with this drug have been carried on with the compound prcpared and sent 
from his laboratory. We lake this opportunity of expressing our grati- 
tude to Professor Ehrlich for having given us the opportunity to study 
carefully the effect of this preparation and for so generously supplying 
us with the drug. 

Arsenophenylglycin is a light yellow powder, very soluble in water 
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and containing about 38 per cent of metallic arsenic (atoxyl contains 
about 31 per cent). 
It has the following formula: 


Ав---- ---As 
| | 
ia А 
|] 1] 
e · 
NH nu 
bu, ai, 
| 
COON2 COONa 


It is considerably less toxic than atoxyl. 

The drug was received in sealed glass vacuum tubes. Since it is 
readily oxidized to a much more toxic, brown substance when exposed to 
the air, it should be dissolved and used immediately after such exposure. 
The most favorable strength for injection is from 5 to 10 per cent. It 
may be given either subcutaneously or intravenously. In man, sub- 
cutaneous injection at limes calls forth a marked local reaction with 
subsequent abscess formation. 'l'his local reaction is sometimes depend- 
ent, according to. Ehrlich, upon too strong an alkalinity of the preparation. 

Although we now have been experimenting with arsenophenylglycin 
in the treatment of trypanosomiasis for nearly a year, we have made no 
previous publication of our results, because we wished io wait until the 
work had been carried on in sufficient detail and for a sufficient length of 
time 10 enable us to draw definite conclusions. A study of the literature 01 
the treatment of trypanosomiasis reveals the fact that many of the publi- 
cations on this subject have been premature. Remarkable claims have 
been made in turn for each method of treatment, which have not been 
borne out by more detailed and extensive experiments carried on for 
longer periods of time. 

Our work with this drug has been confined entirely to monkeys, 
horses and catile. Tn our opinion nothing would be gained by experi- 
menting with smaller animals, since several other methods of treatment 
had already given satisfactory results in mice and rats, but these had 
-failed to епте the larger animals. 

Jt will be seen from our results with monkeys and horses that arseno- 
phenylglycin is the most. nearly ideal drug in the treatment of trypano- 
somiasis that we as yet possess. While our work with this preparation 
was in progress, several publications on the value of this drug in the 
treatment of experimental trypanosomiasis in animals have appeared and 
these will now be reviewed briefly. 

Wendelstadt and Roch] have both shown that a single injection of arsenophenyl- 


glycin is capable of curing severe trypanosoma infection in mice and rabbits. 
Roehl has also demonstrated the prophylactic effect of the drug in these animals. 
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Бећ пр and Jaffé also have shown the unquestionable value of arsenophenyl- 
glycin in the treatment and cure of mice and rats infected with the nagana 
trypanosoma, the animals frequently being cured by a single injection of the 
drug. In their experiments with horses, all of the animals died, apparently 
from the effect of the drug in the doses employed. 

Mesnil and Kerandel inoculated three monkeys infected with Trypanosoma 
gabieuse with arsenophenylglyein. Jn two, the parasites disappeared and had not 
returned after about three and one-half months. In the third а relapse occurred, 
then the second injection was given and for the following two and one-half 
mouths the animal was free from parasites. They also demonstrated the 
prophylactic value of the drug in several monkeys and have obtained good 
results with it in the treatment of four guinea pigs infected with the trypanosoma 
of Togo. 

Eckard has treated 19 cases of: sleeping sickness with arsenophenylglycin. 
Twenty-four hours ufter the injection, the parasites could no longer be found 
in the patients’ blood. The author was unable to state definitely the value 
of the drug, owing to the short time which had elapsed between the time the 
injections were шиде and the date of the report. 

Breinl and Nierenstein report experiments with 20 rats, each of which 
received the dose of arsenophenylglyein recommended by Roehl, 0.4 gram per 
kilo or a smaller dose. АП died from the effect of the drug. Of 5 guinea pigs 
infected with trypanosomata and treated, 3 died; 2 from the effecta of the drug, 
and 2 were alive and well after 240 days. ‘Three monkeys were treated with a 
single dose. Two were alive and well 270 days later. One died from the effects 
of the drug. Dogs could also be cured of infection by repeated injections, even 
in advanced eases. Four donkeys and 1 pony were treated with subcutaneous 
inoculations of the drug. One donkey died after a dose of 0.1 gram per kilo. 
Another succumbed apparently to the local gangrene caused by the drug. In 
the other three, large injections did not save the animals which died later of 
infection. "These authors believe that the drug is superior to atoxy], but that the 
chance of successful treatment with it diminishes as the size of the animal 
increases. 

Zupitza has employed arsenophenylgiycin іп 25 cases of sleeping sickness. 
The treatment appears to be the most favorable which had been attempted at 
the time the report was made. The parasites disappeared from the blood more 
quickly after the injection of arsenophenylglycin than after any other drug 
employed. Relapses had occurred in some of the cases, Тһе time of observa- 
tion had been too short to draw any more definite conclusions. Twelve horses 
and 7 donkeys were also treated with this drug. Тһе statement was made that 
one-half of them had been at work for 5 months after the discovery and treat- 
ment of the infection, At present Zupitza's article is not at hand and we have 
only been able to consult a review. We can not therefore conclude whether these 
animals were free from trypanosomata and had been cured. 


EXPERIMENTS WITH ARSENOPHENYLGLYCIN IN MONKEYS. 


Dosage.—One of the first questions which seemed necessary to answer 
was the dosage of arsenophenylglycin most favorable for the treatment 
of these animals. Ehrlich had suggested to us about 0.1 grain per kilo 
of body weight. However, when this amount was injected into normal 
monkeys, it was found to kill far too high a perceniage of the animals 
for the dose to be practical for treatment. Hence we found it necessary 
to employ the drug in smaller quantities. 


bi 


32 STRONG AND TEAGUE, 


In our preliminary experiments with this preparation, 53 monkeys 
were employed. Our results were very unsatisfactory, for our animals 
very frequently died, either from the toxic effects of the drug, or from 
trypanosomiasis, due to the fact that sufficiently large doses of arsend- 
phenylglycin to cure the infection had not been administered. Later we 
learned that this first lot which we received was an inferior product in 
comparison with the drug as prepared by Ehrlich at a later date. For 
this reason the detailed experiments and the protocols of these 53 monkeys 
are omitted in this paper. It is believed that their introduction would 
only cause confusion, as the results obtained are now of little value as 
compared with those derived from our later and most complete experi- 
ments with arsenophenylglycin. Mention here of these preliminary сх- 
periments is mercly made in case that other observers have encountered 
similar results with an inferior sample of the drug. A short time after 
these first experiments were carried out, a second shipment of arseno- 
phenylglycin was received and the fatal dose for monkeys accuralely 
determined with this preparation. 

The monkeys employed in ihese experiments, Cynomolgus philip- 
pinensis Geoff, were in good condition, having been recently captured. 
The results in determining the dosage are given in Table I, from which 
it may be seen that the minimum lethal dose equals 0.22 to 0.26 gram 
per kilo of body weight of animal. Тһе drug was administered іп 5 
per cent solution, subcutaneously. No local reaction of any consequence 
was noted following our injections into monkeys. Їп using the arseno- 
phenylglycin, the sealed tubes were opened, the drug dissolved at. once 
in distilled water and immediately injected. ‘Those animals which died 
with acute symptoms from an overdose of the drug usually lived only for 
from two to ten days after the injection. Some of them suffered with 
bloody diarrhea before death. At autopsy, the liver and kidneys usually 
showed marked fatty degeneration, the lesions present being similar to 
those which have been regularly described in poisoning from atoxyl. 

Trealment.—After determining the most favorable dosage necessary 
in monkeys, we proceeded to treat animals which had previously been in- 
fected with the trypanosoma of surra. In every instance the parasites 
were present in the blood of the animal at the time the treatment was 
undertaken. 

Discussion of Table I1—Table 11 gives the results observed with four 
series of monkeys, the individuals of a given series having been inoculated 
with the same surra blood at the same time and treated at the same 
interval after the infection. 

SERIES I contains 20 monkeys, 10 of which had been recently captured, 
the others having been in captivity in the laboratory for variable periods 
of time. Many of the latter had been used for other experiments and 
were not in good condition at the time of the present inoculation. Tor 
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In our preliminary experiments with this preparation, 53 monkeys 
were employed. Our results were very unsatisfactory, for our animals 
very frequently died, either from the toxic effects of the drug, or from 
trypanosomiasis, due to the fact that sufficiently large doses of arsenó- 
phenylglycin to cure the infection had not been administered. Later we 
learned that this first lot which we received was an inferior product in 
comparison with the drug as prepared by Ehrlich at a later date. For 
this reason the detailed experiments and the protocols of these 53 monkeys 
are omitted in this paper. It is believed that their introduction would 
only cause confusion, as the results obtained are now of little value as 
compared with those derived from our later and most complete experi- 
ments with arsenophenylglycin. Mention here of these preliminary ex- 
periments is merely made iu ease that other observers have encountered 
similar results with an inferior sample of the drug. A short time after 
these first experiments were carried out, a second shipment of arseno- 
phenylglycin was received and the fatal dose for monkeys accurately 
determined with this preparation. 

The monkeys employed in these experiments, Cynomolgus philip- 
pinensis Geoff, were in good condition, having been recently captured. 
The results in determining the dosage are given in Table I, from which 
it may be seen that the minimum lethal dose equals 0.22 to 0.26 gram 
per kilo of body weight of animal. The drug was administered in 5 
per cent solution, subcutaneously. No local reaction of any consequence 
was noted following our injections into monkeys. Їп using the arseno- 
phenylglycin, the sealed tubes were opened, the drug dissolved at. once 
im distilled water and immediately injected. ‘Those animals which died 
with acute symptoms from an overdose of the drug usually lived only for 
from two to ten days after the injection. Some of them suffered with 
bloody diarrhoea before death. At autopsy, the liver and kidneys usually 
showed marked fatty degeneration, the lesions present being similar to 
those which have been regularly described in poisoning from atoxyl. 

Treatment.—Afier determining the most favorable dosage necessary 
in monkeys, we procecded to treat animals which had previously been in- 
fected with the trypanosoma of surra. In evory instance the parasites 
were present in the blood of the animal at the time the treatment was 
undertaken. 

Discussion of Table IT— Table II gives the results observed with four 
series of monkeys, the individuals of a given series having been inoculated 
with the same surra blood at the same time and treated at the same 
interval after the infection. 

SERIES 1 coniains 20 monkeys, 10 of which had been recently captured, 
the others having been in captivity in the laboratory for variable periods 
of time. Many of the latter had been used for other experiments and 
were not in good condition at the time of the present inoculation. For 
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Іп our preliminary experiments with this preparation, 58 monkeys 
were employed. Our results were very unsatisfactory, for our animals 
very frequently died, either from the toxic effects of the drug, or from 
trypanosomiasis, due to the fact that sufficiently large doses of arseno- 
phenylglycin to cure the infection bad not been administered. Later we 
learned that this first lot which we received was an inferior product in 
comparison with the drug as prepared by Ehrlich at a later date. For 
this reason the detailed experiments and the protocols of these 53 monkeys 
are omitted in this paper. It is believed that their introduction would 
only cause confusion, as ihe results obtained are now of little value as 
compared with those derived from our later and most complete experi- 
menis with arsenophenylglycin. Mention here of these preliminary ех- 
periments js merely made in case that other observers have encountered 
similar results with an inferior sample of the drug. A short time after 
these first experiments were caxried out, a second shipment of arseno- 
phenylglycin was received and the fatal dose for monkeys accurately 
determined with this preparation. 

The monkeys employed in these experiments, Cynomoigus philip- 
pinensis Geoff., were in good condition, having been recently captured. 
The results in determining the dosage are given in Table I, from which 
it may be seen that the minimum lethal dose equals 0.22 to 0.96 gram 
per kilo of body weight of animal. The diug was administered in 5 
per cent solution, subcutaneously. No local reaction of any consequence 
was noted following our injections into monkeys. In using the arseno- 
phenylglycin, the sealed tubes were opened, the drug dissolved at. once 
in distilled water and immediately injected. Those animals which died 
with acute symptoms from an overdose of the drug usually lived only for 
from two to ten days after the injection. Some of them suffered with 
bloody diarrhæœa before death. At autopsy, the liver and kidneys usually 
showed marked fatty degeneration, the lesions present being similar to 
those which have been regularly described in poisoning from atoxyl. 

Treatment.—After determining the most favorable dosage necessary 
in monkeys, we proceeded to treat animals which had previously been in- 
fected with the trypanosoma of surra. In every instance the parasites 
were present in the blood of the animal at the time the treatment was 
undertaken. 

Discussion of Table 11.—'Table 11 gives the results observed with four 
series of monkeys, the individuals of a given series having been inoculated 
with (ће same surra blood at the same time and treated al the same 
interval after thc infection. 

SERIES I contains 20 monkeys, 10 of which had been recently captured, 
the others having been in captivity in the laboratory for variable periods 
of time. Many of the latter had been used for other experiments and 
were not in good condition at the time of the present inoculation. For 
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Іп our preliminary experiments with this preparation, 53 monkeys 
were employed. Our results were very unsatisfactory, for our animals 
very frequently died, either from the toxic effects of the drug, or from 
trypanosomiasis, due to the fact that sufficiently large doses of arseno- 
phenylglyciv to cure the infection had not been administered. Later we 
learned that this first lot which we received was an inferior product in 
comparison with the drug as prepared by Ehrlich at a later date. For 
this reason the detailed experiments and the protocols of these 53 moukeys 
are omitted in this paper. It is believed that their introduction would 
only cause confusion, as the results obtained are now of little value as 
compared with those derived from our later and most complete experi- 
ments with arsenopheuylglycin. Mention here of these preliminary ex- 
periments is merely made in case that other observers have encountered 
similar results with an inferior sample of the drug. А short time after 
these first experiments were carried out, a second shipment of arseno- 
phenylglycin was received and the fatal doso for monkeys accurately 
determined with ihis preparation. 

The monkeys employed in these experiments, Cynomolgus philip- 
pinensis Geoff., were in good gondition, having been recently captured. 
The results in determining the dosage are given in Table I, from which 
it may be seen that the minimum lethel dose equals 0.22 to 0.26 gram 
per kilo of body weight of animal. The drug was administered in 5 
рег cent solution, subeutaneously. No local reaction of any consequence 
was noted following our injections into monkeys. In using the arseno- 
phenylglycin, the sealed tubes were opened, the drug dissolved at. once 
in distilled water and immediately injected. Those animals which died 
with acute symptoms from an overdose of the drug usually lived only for 
from two to ten days after the injection, Some of them suffered with 
bloody diarrhea before death. At autopsy, the liver and kidneys usually 
showed marked fatty degeneration, the lesions present being similar to 
those which have been regularly described in poisoning from atoxyl. 

Treatment.—After determining the most favorable dosage necessary 
in monkeys, we proceeded to treat animals which had previously been in- 
fected with the trypanosoma of surra. In every instance the parasites 
were present in the blood of the animal at the time the treatment was 
undertaken. 

Discussion of Table If—Table 11 gives the results observed with four 
series of monkeys, the individuals of a given series having been inoculated 
with the same surra blood at the same time and treated at the same 
interval after the infection. 

ЗЕВТЕЗ I contains 20 monkeys, 10 of which had been recently captured, 
the others having been in captivity in the laboratory for variable periods 
of time. Many of the latter had been used for other experiments and 
were not in good condition at the time of the present inoculation. For 
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this reason both sickly and robust monkeys. were arranged in each group, 
receiving the same dose of the drug. The strain of trypanosoma em- 
ployed for inoculating the monkeys of this series was a virulent one, 
originally obtained from a native pony which showed well-marked symp- 
toms of surra ; it had been passed successively through 2 horses, 1 monkey, 
and then through a third horse before being employed in these experi- 
ments. No attempt was made to treat any of these “passage” animals 
until after the strain of surra had been passed to the next host, and hence 
the trypanosomata, when inoculated into the monkeys of this series. had 
never been in contact with arsenic. 

About 3 cubic centimeters of the blood of the last “passage” horse, in which 
the trypanosomata were fairly numerous, were suspended in 100 cubic centimeters 
of salt solution, and 2 cubic centimeters of the suspension were inoculated sub- 
eutaneously into each of the 20 monkeys on July 8, 1909. On July 12, 1909, 
a blood examination proved to be positive in nearly every instance, and on July 
13, when the treatment was begun, trypanosomata were present in the blood of 
all the monkeys, being very numerous in most instances. 

‘two of the monkeys of the series were left untreated to serve as controls, 
and these died, one seventeen and the other fourteen days after inoculation. 
Monkey Мо. 4293, which had been in captivity at the laboratory for a long time, 
was found dead on the third day after inoculation. 

The arsenophenylglycin was administered subcutaneously in doses varying from 
0.04 to 0.09 gram per kilo of body weight. Monkeys Nos. 4332 and 4341 were 
animals which had been employed previously for other experiments and were in 
poor condition at the time of the present experiment; the former died in eight 
days, the latter in five days after the treatment, death being due, in our opinion, 
to the combined effect of exhaustion from prolonged captivity and the surra 
infection and to the toxie effect of the drug. The results obtained with these 
2 monkeys should be disregarded. š 


With these exceptions, it is seen from Table II that every monkey 
receiving an injection of 0.06 gram per kilo or less showed a relapse of 
the infection after an interval of from eighteen to fifty-five days. As 
soon as they were found to have suffered a relapse, all of the monkeys 
with the exception of No. 4421, were given a second dose of 0.08 gram 
of arsenophenylglycin per kilo. With the exception of monkey Хо. 1473, 
which died within four days after the second injection, all were, we 
believe, permanently cured. Two are still alive seven months after the 
second treatment. Many have become somewhat weak and emaciated 
from their long confinement in small cages. However, the emaciation 
was not due to a relapse of the surra infection which remained undis- 
covered, as was shown by the following observation : 

Three of the treated monkeys (Nos, 4479, 4476, and 4481) which were so 
thin and weak that it was obvious they could live under existing conditions only 
for a few weeks longer, were taken on November 11, 1909, to the residence of 
one of us and kept in the open air on a chain. They all quickly began to gain 


in strength. One died a few weeks later after having been exposed to wind and 
rain, The other two gained in weight and strength and are still alive. 
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We believe, therefore, that a number of our monkeys which, although 
cured, finally died after long periods of captivity, could have been kept: 
alive by placing them under better conditions with regard to food and 
environment and that this should be kept in mind in studying the tables. 
Monkey No. 4432, although still free from parasites, was losing in weight 
and strength and, in view of the possible existence of a latent infection 
with sura, on October 12 a dose of 0.15 gram per kilo of arsenophenyl- 
glycin was administered. This monkey was found dead on the morning 
of October 22, 1909, its blood having been examined on October 21 with 
negative results. It seems extremely probable that if the third treat- 
ment had been omiited and this monkey had been placed under more 
favorable conditions, it would not have succumbed. 

Of the monkeys receiving 0.07, 0.08, and 0.09 gram per kilo, some 
were permanently cured by the single inoculation, while others suffered 
a relapse and were treated a second time with a larger dose: Four of 
these monkeys have remained free from trypanosomata for eight and 
two-thirds months after a single treatment with the drug. 

А summary of the experiments of Series I shows that a single injection 
of 0.04 to 0.06 gram of arsenophenylglycin per kilo of body weight ` 
causes a disappearance of the trypanosomata from the peripheral cir- 
culation, but that the parasites reappeared after a variable length of 
time; that a dose of 0.07 to 0.09 may effect a permanent cure or may 
not, byt that the majority of monkeys so treated recover. Furthermore, . 
not a single relapse occurred after the administration of 0.08 gram per 
kilo as a second treatment. . 

SERIES I].—The surra trypanosoma employed in this series was 
obtained from a native pony that had acquired the infection under 
natural conditions, An American horse was inoculated subculaneously 
with the blood of this pony and six days later his blood was used for 
the inoculation of the monkeys. On August 4, 1909, 1 cubic centimeter 
of the horse's blood was suspended in 20 cubie centimeters of salt solu- 
tion and 2 cubie centimeters of the suspension given subeutaneously 
to each of the 8 monkeys. The untreated control monkey died of the 
infection, twenty-six days after the inoculation. The other monkeys were 
treated on August 10, 1909, and all were given a dose of 0.08 gram of 
arsenophenylglycin per kilo; only one of these (No. 4559) was definitely 
shown to have suffered a relapse, One animal, No. 4561, received only 
a single injection of the drug and is still alive, seven months after the 
treatment, The majority of the other monkeys were given a second treat- 
ment with а layger'dose (0.1 to 0.15 gram per kilo) ; one of these is still 
alive, the others, apparently on account of their weakened condition, 
succumbed to the toxic effects of the drug. 

Monkey Мо. 4565 was free from trypanosomata November 16 (three 
and one-half months after treatment) ; it has since escaped. 
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‘The experiments of Series 11 indicate that the majority of the monkeys 
treated with a dose of 0.08 gram per kilo will recover from irypanoso- 
miasis, and, hence, the results obtained in Serics I are confirmed. 

Serres III.—The strain of surra employed in these investigations 
was obtained from one of the horses on the Government stock farm at 
Alabang where an epidemic of surra existed. From this horse the 
strain was inoculated into a monkey. On September 9, 1909, 1 cubic 
centimeter of the monkey’s blood containing numerous trypanosomata 
was added to 200 eubic centimeters of salt solution and 14 cubie centi- 
meters of the suspension injected into each of 21 monkeys. 

Two of the untreated monkeys which served as controls died twenty- 
two. end twenty-three days, respectively, after the imoculation with 
surra blood. A third monkey, No. 4630, was already moribund from 
the infection at the tine when the treatment of the other monkeys was 
begun, and may therefore be regarded as a third untreated control. 

On September 14 trypanosomata were found in the blood of all the 
monkeys of the series aud ireatment in doses of 0.1 to 0.26 gram per 
kilo, of arsenophenylglycin was administered. None of these monkeys 
have suffered a relapse aud none have received a second treatment. 
Eleven of them are alive and free from trypanosomata, after five and 
two-thirds months. 

One (monkey No. 4616) was free from parasites for four and one- 
half months and was then lost. Monkey No. 4625 died after three 
months, its blood being free from parasites just before death. Тһе other 
animals of the series which died, apparently succumbed from the effects 
of the drug. 

Series ПТ demonstrates clearly that monkeys receiving single doses 
of from 0.1 to 0.26 gram of arsenophenylglycin are permanently cured 
of the disease, although some of them will die from the toxic effects of 
the drug. Doses of from 0.1 to 0.2, inclusive, effect permanent cures 
with only a small percentage of deaths. 

Series ТУ.-Оп September 22, 1909, the monkeys of Series IV were 
inoculated with the blood of monkey No. 4632, which constituted a 
control animal employed in Series ІП. Trypanosomata were found 
present in the blood of these animals on September 27 and all but one, 
which served ав a control, were treated on September 28. The untreated 
control monkey died from the surra infection seventcen days after 
inoculation. 

Very large doses of the drug (0.26 to 0.36) were administered and 
the three animals which survived these doses have remained free from 
parasites for six months. 

Summarizing these results, it may be stated that not a single monkey 
which received 0.1 gram of arsenophenylglycin per kilo or a greater 
amount has shown trypanosomata in the blood twenty-four hours after 
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treatment was given and at no time subsequently have the parasites 
reappeared. From Table I it is seen that the minimum lethal dose 
is from 0.22 to 0.26 gram, which is more than twice the dose shown 
to be efficacious in producing a cure in monkeys. 

These experiments, therefore, show conclusively that monkeys, Cyno- 
molgus philippinensis Geoff., can be cured permanently of surra infection 
by a single injection of arsenophenylglycin. 


EXPERIMENTS IN HORSES. 


Early in the year 1909 attempts were made to treat horses infected 
with surra and brought to the laboratory. The animals wore placed in 
a small screened stable where they were not kept under the best hygienic 
conditions. Here their weight could only be estimated approximately, 
and hence the dosage of the drug administered could not be properly con- 
trolled. Many of the horses died from the toxic effect of the drug ; others 
during the course of the treatment suffered a relapse of the infection 
and were either killed or succumbed during further treatment. In some 
instances a relapse occurred after the animal had survived a large 
initial dose. The repeated administration of small doses of arsenophe- 
nylglyein gave very unsatisfactory results. None of these animals sur- 
vived. Later we were able to obtain the weight of 5 horses before 
beginning treatment, with these the results were as follows: 


Weight of horse, | grams Remarks. 


Dose in | 
per kilo. 


0.05 | Recovered from effects of drug. · 
‚052 | Died in 8 duys. | 
058 | Recovered, 

-065 | Died suddenty 24 days later. 

.066 | Died in 2 days. | 


From these preliminary experiments it appears that the minimum 
lethal dose for a large American horse is about 0.052 gram per kilo. A 
horse which died after receiving this amount per kilo was a very fat 
animal which had been foundered, so that the dose was actually relatively 
higher than the figures indicate, 

Our experiments indicate, therefore, that the minimum lethal dose 
per kilo of body weight is about three times as great for monkeys as it is 
for horses. у 

Moore offers the following explanation for the discrepancies in dosage between 
large and small animals when calculated on the basis of the body weight, He 
emphasizes tho fact that the seat of biochemical activity after the administration 
of arsenic or antimony is in the intestinal mucosa, and that it would seem prob- 
able that this is also the seat of manufacture of the trypanocidal substance. In 
the larger animals the therapeutic dose is therefore lowered because of the rel- 
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treatment was given and at no timc subsequently have the parasites 
reappeared. From Table I it is seen that the minimum lethal dose 
is from 0.22 to 0.26 gram, which is more than twice the dose shown 
to be efficacious in producing a cure in monkeys. 

These experiments, therefore, show conclusively that monkeys, Cyno- 
molgus philippinensis Geoff., can be cured permanently of surra infection 
by a single injection of arsenophenylglycin. 


EXPERIMENTS IN HORSES. 


Early in the year 1909 attempts were made to treat horses infected 
with surra and brought to the laboratory. The animals were placed in 
a small screened stable where they were not kept under the best hygienic 
conditions. Here their weight could only be estimaled approximately, . 
and hence the dosage of the drug administered could not be properly con- 
trolled. Many of the horses died from the toxic effect of the drug; others 
during the course of the treatment suffered a relapse of the infection 
and were either killed or succumbed during further treatment. In some 
instances a relapse occurred after the animal had survived a large 
initial dose. The repeated administration of small doses of arsenophe- 
nylglycin gave very unsatisfactory results. None of these animals sur- 
vived. Later we were able to obtain the weight of 5 horses before 
beginning treatment, with these the results were as follows: 


| | Dose in 
Weight of horse. grams Remarks. 
| per kilo, 


. 052 | Died in 8 days. 

-058 | Recovered. 

- 085 | Died suddenly 24 days later. 
.066 | Died in 2 days. 


8.05 | Recovered from effects of drug. | 
! 
| 
| 
| 


From these preliminary experiments it appears that the minimum 
lethal dose for a large American horse is about 0.052 gram per kilo. A 
horse which died after receiving this amount per kilo was a very fat 
animal which had been foundered, so that the dose was actually relatively 
higher than the figures indicate. 

Our experiments indicate, therefore, that the minimum lethal dose 
per kilo of body weight is about three times as great for monkeys as it is 
for horses. А 

Moore offers the following explanation for the discrepancies іп dosage between 
Jarge and small animals when caleulated on the basis of the body weight. He 
emphasizes tho fact that the seat of biochemical activity after the administration 
of arsenic or antimony is in the intestinal mucosa and that it would seem prob- 
able that this is also the seat of manufacture of the trypunocidal substance. In 
the larger animals the therapeutic dose is therefore lowered because of the rel- 
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atively smaller number of the intestinal cells to take up the drug and the con- 
sequent rapid poisoning of the animal if the attempt be made to give the relative 
dose. The relatively small number of cells must first act upon the drug before 
it cam be turned out as а trypanocide for the parnsites. 

This hypothesis can hardly be considered tenable without further experimental, 
evidence. According to Moore's theory, the maximum dose is proportional not 
to the body weight but to the two-thirds power of the body weight. 


Following are the details of the earlier experiments carried.on with 
horses : 


Horse No. 1.-Native pony. Хо history as to length of time sick with surra. 
Head droops and general appearance bad, respirations rapid. ` Slight edema of 
abdomen, mucous membranes of mouth and tongue pale. Examination of blood 
on April 22 with one-twelfth oil immersion shows about 1 trypanosoma to a field. 

April 24, 4.8 grams of arsenophenylglycin dissolved in 100 cubic centi- 
meters of distilled water and injected subeutaneously. 

April 25, blood examination for trypanosomata negative. 

April 29, second injection of 6 grams of arsenophenylglycin subeutaneously. 

May 3, third injection of 6 grams of the same drug intravenously. 

May 3, just before the injection of the drug, a monkey was inoculated with 
20 cubic centimeters of the blood of the horse. Repeated examination of the 
blood of the monkey never revealed trypanosomata. 5 

Мау 12, 10 cubic centimeters of horse's blood were injected subcutaneously into 
a monkey. This monkey’s blood was examined at intervals for a month with 
negative results, However, the horse grew weaker, and was found dead on tha 
morning of May 18. 


Although we were unable to demonstrate any trypanosomata in the 
blood of this animal, nevertheless, we believe that it succumbed from the 
effects of surra., This was the first animal treated by us, and the doses 
administered were evidently entirely too smal] for a cure to result. 


Horse No, 2.—April 93. This animal was injected with 20 cubie centimeters 
of the blood from horse No, 1 and which contained trypanosomate. The animal 
died on May 11 of surra, being untreated and used for the purpose of keeping 
at hand a virulent strain of trypanosoma for the infection of other animals. 

Horse No. 3,—Native horse; suffered with advanced symptoms of surra. 
Marked edema of the abdomen. Numerous trypanosomata present in the blood. 

April 24, 4.8 grams of arsenophenylglycin given subentaneous) 

April 25, blood examination negative for parasites. Parasites did not re- 
appear in the blood. 

April 29, 2 monkeys inoeulated with the blood of this horse. Trypanosomata 
did not subsequently develop in the blood of either of them. A second sub- 
cutaneous injection of 4.5 grams of arsenophenylglyein. wos given aud on May 3 
another injection of 10 grams intravenously. Ол May 3, 1 moukey and May 7, 
2 other monkeys were also inoculated with the blood of ihe horse. All these 
animals remained negative for trypanosomata for over two months. The horse 
died six days later (Мау 9), notwithstanding the fact that no trypauosomata 
were found in its blood, Nevertheless, this animal probably died of surra infee- 
tion and from the toxic effect of the last dose of the dru 

Horse No. 4.—Large native horse; received on April 29. Blood examination 
positive for trypanosomata. No record of how Jong the animal has been sick 
with surra. Temperature 40°. April 29, 8 grams of arsenophenylglyein in- 
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jected subcutaneously. Considerable wdema at the site of the injection on the 
following day. А С 

May 3, monkey was inoeulated with 30 eubic centimeters of the blood of the 
horse, but no trypanosomata developed in its blood. Following the inoculation | 
of the monkey 15 grams of the drug were given intravenously to the horse, 
although the blood examination the previous day had been negative for parasites, 

May 12, a second monkey was inoculated in the same manner with the same 
result. У 

June 4, a third monkey was inoculated with 20 cubic centimeters of the horse’s 
blood, on the 15th of June it developed trypanosomiasis and died on the 26th, 

This experiment demonstrates that this strain of irypanosoma had not lost 
its virulence, although the animal from whieh it was taken had received previously 
2 doses of arsenophenylglyein. 

June 10, an examination of the horse’s blood showed a few trypanosomata, 
On the same day another inoculation of 10 grams of arsenophenylglyein was 
given intravenously. The parasites disappeared from the blood, but reappeared 
on July 6 when 11.4 grams of ai euophenylglyein were again given intravenously. 
Although the trypanosomata did not reappear in the blood, there was given on 
July 15 another дозе го! 10 ит of arsenophenylglycin intravenously апд ол 
August 3, 11 grams more. Thirty cubic centimeters of the blood of the horse were 
injected into a monkey on August 3 before the inoculation with the drug. The 
animal later developed trypanosomiasis, On August 5 the horse was unable to 
rise ‘and ou August 6 he died, evidently succumbing to the surra infection. Al- 
though this animal waa treated in a screened stable, nevertheless it was necessary 
to place him alongside another animal which had? surra and which remained 
untreated. It is possible, therefore, that he may have been reinfected with 
trypanosomiasis from the other surra animai. 

Horse No. 5.—Small bay horse; contracted surra naturally. At the time of 
treatment, April 29, there was сета of the abdomen and trypanosomata were 
numerous in the blood, “en grams of &rsenophenylgiycin were injected sub- 
cutanconsly. On the following day there was considerable edema at the site 
of the inoculation. Оп the day following the injection there was watery diarrhea 
which lasted about twenty-four hours. Although no -trypanosomata Teappeared 
in his blood, he was given a second inoculation of 10 grams intravenously on 
May 3. Following this, the animal was unable to stand and there was marked 
tremor of thé museles. The animal died on May 8, evidently of arsenic poisoning. 
Three monkeys were inoculated with his blood, 1 on May 3 with 20 cubic cen- 
timeters, 1 on May 7 with 10 cubic centimeters, and 1 on May 7 with 2 cubic 
centimeters. None of these animals developed surra infection. 

Horse Хо. 6—Native pony; contracted surra naturally, The duration of the 
disease unknown, although the condition of the animal appeared to be good at 
ihe time treatment was begun. On April 30 its blood was positive for trypanoso- 
шада and 6 grams of arsenophenylglycin were injected subcutaneously, after which 
the parasites disappeared from the circulation and did not reappear. 

On May 4, 15 grams of the drug were injected intravenously. On this date, 
previous to the injection of the drug, a monkey was also inoculated Subeutaneously 
with 30 ewbie centimeters of the horse's blood. This animal did not develop 
surra, On May 10 there was considerable edema along the lower margin of the 
abdomen., The blood remained negative for trypanosomata. The animal died 
Мау 28. The immediate cause of death of this animal is not clear. 

Horse №. 7, (‘Treated with arsacetin.)—Native horse which contracted ihe 
disease naturally. Condition good at the time treatment: was commenced. No 
information was obtainable regarding the time the animal had been infected with 
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эшта. Blood examination April 30 was positive for trypanosomata. On this 
date 8 grams of arsacetin were given subcutaneously. The parasites disappeared 
from the animal’s blood and remained absent. On May 5 there was given a 
second inoculation of 16 grams of. arsacetin intravenously, The horse died on 
the following day of arsenie poisoning. А monkey inoculated on May 6 with 20 
cubic centimeters of its blood did not develop surra. 

Horse No. 8.—Chinese horse, infected artificially in the laboratory. Inoculated 
subcutaneously with 10 cubic centimeters of the blood of horse No. 2 just before 
it died of surra. Horse No. 8 was untreated and died of surra on June 15. On 
June 4, June i4, and May 17, respectively, monkeys were inoculated with the blood 
of this horse and all developed surra infection and died in nineteen, and seven- 
teen, and eleven days, respectively, thus demonstrating the virnlence of the strain 
employed in these experiments. 

Horse No. 9.—Small native horse; infected naturally with зртта. No informa- 
tion regarding the length of time of infection. On May 21 the animal was injected 
with 10 grams of arsenophenylglycin intravenously. Trypanosomata disappeared 
from ihe blood. On June 12 the animal’s temperature vose to 39.8? although 
no parasites could be found in the blood. A monkey was inoculated with 20 
cubic centimeters of the blood and on June 22 was found to have trypanosomatu 
in its blood. Because of the rise of temperature on June 12, the horse was 
given another injection of 10 grams of arsenophenylglycin intravenously. Оп 
June 27, the borse was unable to rise, although the blood showed no try- 
panosomata. On June 28 а monkey was inoculated with 12 cubic centimeters 
of the horse's blood. This monkey, however, did not develop trypanosomiasis. 
The horse died on June 30, the temperature being 40°. This animal also probably 
died of surra infection. 

Horse No. 10.—Native horse; contracted the disease naturally. «Ейета of 
the abdomen and scrotum at the time the treatment was begun. No informa- 
mation regarding the length of time since the animal contracted the infection. 
On May 21 її was given an injection of 10 grams of arsenophenylglycin. Try- 
panosomata disappeared from the blood. On June 7, edema of the abdomen 
and scrotum was still present. A monkey was inoculated with 35 cubic centi- 
meters of the blood of this horse and died on June 18 of surra. On June 10, 
the trypanosomata reappeared in tha horse's blood, when 10 grams of arsenophe- 
nylglycin were given intravenously. On June 29 another monkey was inoculated 
with 22 cubic centimeters of the horse's blood. This monkey died later of surva. 

On June 29 the horse was given 10 grams of arsenophenylglycin subcuta- 
neously and on July 14 he was unable to rise. On July 16 the horse was killed. 
‘The examination of the blood and organs were.negativo for trypanosomata. This 
animal probably also had surra infection when it was killed. 

Horse No. 11.--Кайуе pony; contracted the disease naturally. Ко informa- 
tion as to length of time the animal had been infected. (Edema of the abdomen 
and other symptoms of surra present. This animal was not treated and died 
on June 1 of surra, the animal being used for control purposes. 

Horse No. 12--Arrived in the advanced stages of surra, The animal was 
killed on May 12, but no trypanosomata were found in the spleen, bone marrow, 
lymphatic glands, or blood, Fluid from the lateral ventricle of the brain waa 
collected and eentrifugated. A few trypanosomata were found in the sediment. 

Horse No 18.—Large American horse; infected artificially with 1 enbie centi- 
meter of the blood of a monkey infected with surra. This monkey had. been 
infected six days previously with the blood of horse No. 8. Five days later the 
blood of the horse showed numerous trypanosomata, This animal was untreated 
and died of surra on July 14, less than өле month from the date of its infection. 
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The course of the disease in this animal proved the virulenee of the strain 
employed in the further experiments. 

Horse No. 14.—-Атегісап horse (weight 431 kilos); infected artificially on 
July 12 by subcutaneous injection of 10 eubic centimeters of the blood of horse 
No. 13. July 21 numerous trypanosomata seré present in the animal’s blood, 
On July 22 an injection of 28 grams of arsenophenylglycim in 300 eubie centi- 
meters of salt solution was given intravenously (0.065 gram per kilo). The 
trypancsomata disappeared from the blood and did not reappear. The animal 
was found dead on August 15. “Тһе cause of death in this instance is obseure, 
but was probably due to the toxie effect of the drug. The horse died quite sud- 
denly, having appeared to be in good condition on the previous day, when he 
suddenly fell to the ground. ? 

Horse No. 15.—American horse (weight 375 kilos); infected artificially with 
2. cubic centimeters of the blood of horse No. 14, containing numerous trypanoso- 
mata. Five days later parasites were present in the blood of the animal and 
the following day they were numerous. On this date the animal was given 25 
grams of arsenophenylelyein intravenously (0.066 gram per kilo), On July 29, 
two days later, this animal died of arsenic poisoning. 

Horse №. 16.--Атетісап horse (weight 502 kilos}; infected with 2 eubie centi. 
meters of the blood of horse No. 14 on July 92. On Joly 26 ihe blood of this 
animal was positive for irypanosomata. On July 29, 11.5 grams of arsenophenyl- 
glycin were injected intravenously (0.05 gram per kilo). The parasites were 
absent from the blood of the animal on August 3. Although the blood was 
negative for. parasites, the animal appeared sick and did riot eat well. For this 
reason a second injection of 10 grams of arsenophenylglycin was piven intra- 
venously. Following this injection the horse suddenly became weak, staggered 
and fell to the ground. The animal died on August 9 of arsenic poisoning. 

Horse Мо. 17.—American horse (weight 460.4 kilos); infected with 2 cubic 
centimeters of the blood of horse No, 16 on July 29. On August 2, blood posi- 
tive for trypanosomata. On August 7, 23 grams of arsenopbenylglycin were in- 
jected intravenously (0.05 gram per kilo), The trypanosomata disappeared 
from the blood and remained absent until August 30. On August 30 the blood 
was positive for trypanosomata and the animal was killed. 

Horse Қо: 18.—American horse (weight 466.8 kilos) ; infected artificially with 
5 cubic centimeters of the blood of horse No. 17. On August 10 trypanosomata 
were present in the blood of this animal and it was treated with 1,250 eubie centi- 
meters of 0.5 per cent potassium antimonyl tartrate to which hydrogen sulphide 
had been added and then carbon dioxide had been passed through the solution to 
remove the excess of hydrogen sulphide. The trypanosomata disappeared from 
the blood and remained absent for fifteen days when they again reappeared 
in large numbers. On the same day 1,500 cubie centimeters of the same solution 
were injected. The animal was found dead on the following day, death being 
due to antimony poisoning. 

Horse No. 19.—Native horse admitted on October 18, having acquired the 
surra infection naturally. Numerous trypanosomata were present in the blood. 
On October 27, when the disease was well advanced the anima] was killed. On 
October 19, 5 cubic centimeters of this animal's blood, which contained numerous 
trypanosomata, were injected into horse No. 20, 

Horse No. 20.—Infected with 5 cubic centimeters of the blood of horse No. 19. 
On October 27 trypandsomaia were numerous in the blood, when 30 grams of 
arsenophenylglyein were injected intravenously (0,052 gram per kilo), Following 
the inoculation the parasites disappeared from the circulation. Although the 
animal’s condition appeared good, after the injection diarrhea developed and. 
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the animal was found dead on the morning of November 4, evidently having 
succumbed to arsenic poisoning. 

Horse No. 21—American horse (weight 521 kilos); injected with 5. cubic 
centimeters of the blood of horse No. 19 on October 19. October 27 positive for 
trypanosomata. Thirty grams of arsenophenylglyein were given by subcutaneous 
and intravenous injection (0.058 gram per kilo). There was profuse perspiration 
following the injection and the animal became very restless. On November ú 
a considerable area of induration appeared just above the front shoulders of 
the horse. This was incised but no pus was present. On November 12, 10 cubic 
centimeters of the blood of the horse were injected into & monkey. This monkey 
later developed surra on November 19, from which it died on November 94. 
On November 12, although the condition of the animal appeared good, 20 grams 
of arsenophenylglycin were again injected intravenously. On November 29, 
although the blood of the horse was negative for parasites by microscopica. 
examination, a second monkey was inoculated with its blood. ‘This animal devel- 
oped surra infection on December 6. On November 29, the horse was given 10 


grams of arsenophenylglycin intravenously. On December 7 the blood of the 


horse was again injected into another monkey. This animal remained negative 
for parasites. December 7 the horse was given another injection of 20 grama of 
arsenophenylglycin intravenously. 

On January 3 the temperature registered 40°. An examination of the blood 
showed a few trypanosomata present. Twenty-five grams of the drug were then 
given intravenously. The parasites then disappeared from the blood and were 
not found present on repeated examinations up io January 20. On January 19 
the condition of the horse appeared to be good. On January 20, although his 
temperature was normal, he refused to eat and became unable to rise and died 
a few hours later. The autopsy showed advanced glomerular nephritis, cloudy 
swelling of the liver and heart muscle. The large intestine was greatly distended 
with gas. The spleen was somewhat soft and friable. Microscopie examination 
of the blood was negative after repeated examinations. The cerebral fluid from 
the ventricles and the spinal fluid were centrifugated and one trypanosoma was 
found in each of three smears made from the sediment. A monkey was then 
inoculated with some of the blood and later developed surra. 


The treatment of this horse demonstrates very forcibly the inefficiency 
of the drug in some instances. "This anima] had received five intravenous 
injections of arsenophenylglycin in amounts of 30, 20, 19, 20 and 
25 grams. Notwithstanding the fact that at autopsy marked lesions due 
to arsenic poisoning were present, nevertheless a few trypanosomata had 
resisted the action of the drug and these were active and proved capable 
of causing infection and death in another animal. Furthermore, the 
treatment was begun in this horse eight days after infection. 


Horse No. 25.—American horse, brought to laboratory on February 1 for 
treatment for surra. At the time of its arrival the disease was evidently well 
advanecd. А blood examination showed the presence of trypanosomata and of 
müerofilarim. Nineteen grams of arsenophenyiglyein were injected intravenousiy. 
On ihe following day there was considerable swelling about the point of the in- 
jection. The animal gradually grew worse, the edema inereased, and it died 
on February 15. Three days before its death there was cousiderable fever, but 
the blood was negative for trypanosomata. 

Mule (American) No. 26.—This animal was observed in the Province of Bu- 
lacan. Тһе blood was examined on December 19 and trypanosomata found therein. 


_ ааа ит. 
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On this date 19 grams of arsenophenylglycin' were injected intravenously. Тһе 
animal was brought to Manila two days later. At this time there were no 
evident symptoms of surra. On December 27, 20 grams oí arsenophenylglycin 
were again injected intravenously. On January 6, 23 grams of the drug were 
given intravenously. The blood remained negative, although almost daily exam- 
inations of it were performed, until February 2, when a few trypanosomata were 
found present. On February 2, 25 grams of arsenophenylglycin were injected 
intravenously. A monkey was inoculated on this date with the blood of this 
mule and it later developed surra, The mule died on February 9, the treat- 
ment having evidently proved unsuccessful. 


Surra in Bulacan Province.—A small outbreak of surra recently ос- 
curred in Bulacan Province, near Manila, and a few of the infected 
animals were treated there. The treated animals wore all Кері and 
worked together. Consequently, when a relapse of the infection occurred 
in one of them the others were exposed. It was practicable io visit 
the animals for examination and treatment only once a week. Owing to 
the favorable results that had been reported by Holmes in India from 
the treatment of trypanosomiasis in horses by a combination of atoxyl 
and orpiment, we determined to give this method, also, a trial in these 
animals, Seven mules and 3 horses were treated in a somewhat similar 
manner, as may be seen from the notes of the experiments which follow. 
In some instances arsacetin or arsenophenylglycin was substituted for the 
atoxyl. 

Five mules were given alternate doses of atoxyl and orpiment, the 
atoxyl being given subcutaneously and the orpiment (arsenic trisulphide) 
by mouth. In ali but one of these, relapses occurred shortly after the 
treatment was stopped, and we deemed it.advissble to substitute arseno- 
phenylglyein for this method of treatment. The details of these experi- 
menta are as follows: 

Horse No. 2%,—Native horse; contracted surra naturally. Length of time 
infected unknown. Numerous trypanosomatu in the blood at the time of entrance. 
On December 4, 5 grams of arsacetin were given subcutaneously. On December 
5 no trypanosomata were found. On December 10, 10 grams of arsenic sulphide 
were administered by mouth. Following this; the horse became unable to rise 
and died of arsenic poisoning on December 8. The arsenic sulphide used in this 
case was precipitated and was not thoroughly washed with aleohol or ether and 
probably contained a percentage of white arsenic. 

Horse No, 23.—American horse infected with 5 cubic centimeters of the blood 
of horse No. 22 on December 3. On December 7 its blood was positive for 
trypanosomata, The parasites became numerous on December 9, on which date 
15 grams of arsenic sulphide were administered in capsule by mouth. On 
December 10 the parasites were still numerous; December 11, only one trypano- 
soma was found in a drop of fresh blood. On the same date 5 grams of 
arsacetin were injected subcutaneously, On December 13 another dose of 10 
grams of arsenic sulphide was given, December 16, 5 grams of atoxyl; December 
23, 10 grams of arsenic sulphide; December 27, 5 grams of atoxyl; January 2, 
20 grams of arsenie sulphide; January б, 5 grams of atoxyl; January 9, 20 
grams of arsenic sulphide; January 13, 6 grams of atoxy); January 17, 25 
grams of arsenic sulphide. 
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On this date 19 grams of arsenophenylglycin' were injected intravenously. The 
animal was brought to Manila two days later. At this time there were no 
evident symptoms of surra. On December 27, 20 grams of arsenophenylglycin 
were again injected intravenously. On January 6, 23 grams of the drug were 
given intravenously. The blood remained negative, although almost daily exam- 
inations of it were performed, until February 2, when a few trypanosomata were 
found present. On February 9, 25 grams of arsenophenylglycin were injected 
intravenously, A monkey was inoculated on this date with the blood of this 
mule and if later developed surra, The mule died on February 9, the treat- 
ment having evidently proved unsuccessful, 


Surra in Bulacan Province—A small outbreak of surra recently oc- 
curred in Bulacan Province, near Manila, and a few of the infected 
animals were treated there. The treated animals were all kept and 
worked together. Consequently, when a relapse of the infection occurred 
in one of them the others were exposed. It was practicable to visit 
the animals for examination and treatment only once a week, Owing to 
the favorable resulis that had been reported by Holmes in India from 
the treatment of trypanosomiasis in horses by a combination of atoxyl 
and orpiment, we determined to give this method, also, a trial in these 
animals. Seven mules and 3 horses were treated in a somewhat similar 
manner, as may ће seen from the notes of the experiments which follow. 
In some instances arsacetin or arsenophenylglyein was substituted for the 
atoxyl. 

Five mules were given alternate doses of atoxyl and orpiment, the 
atoxyl being given subcutaneously and the orpiment (arsenic trisulphide) 
by mouth. In all but one of these, relapses occurred shortly after the 
treatment was stopped, and we deemed it advisable to substitute arseno- 
phenylglycin for this method of treatment. The details of these experi- 
ments aro as follows: 

Horse No. 22.—Native horse; contracted surra nuturally. Length of time 
infeoted unknown. Numerous trypanosomata in the blood at the time of entrance. 
On December 4, 5 grams of arsacetin were given subcutancously. On December 
5 no trypanosomata were found. On December 10, 10 grams of arsenic sulphide 
were administered by month. Following this, the horse became unable to rise 
and died of arsenic poisoning on December 3. Тһе arsenie sulphide used in this 
ease was precipitated and was not thoroughly washed with alcohol or ether and 
probably contained a percentage of white arsenic. 

Horse No, 23—American horse infected with 5 cubic centimeters of the blood 
of horse No. 22 on December 3. On December 7 its blood was positive for 
irypanosomata. The parasites became numerous on December 9, on which date 
15 grams of arsenic sulphide were administered in capsule by mouth. On 
December 10 the parasites were still numerous; December 11, only one trypano- 
soma was found in a drop of fresh blood. On the same date 5 grams of 
arsacetin were injected swboutaneously. On December 13 another dose of 10 
grams of arsenic sulphide was given. December 16, 5 grams of atoxyl; December 
23, 10 grams of arsenic sulphide; December 27, 5 grams of atoxyl; January 2, 
20 grams of arsenic sulphide; January 5, 5 grams of atoxyl; January 9, 20 
grams of arsenic sulphide; January 13, 5 grams of atoxyl; January 17, 25 
grams of arsenic sulphide. 
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This animal is apparently well. Repeated examinations of its blood 
and inoculations of it into 3 monkeys have been made. None of the 
animals have developed trypanosomiasis. 


Horse No. 24— American colt infected artificially with 5 cubic centimeters of 
the blood of horse No. 22 on December 4. December 7 blood examination showed 
a few trypanosomata. December 9, trypanosomata numerous, when 10 grams 
of arsenic sulphide were administered by the mouth in capsules, December 10, 

‚ trypanosomata numerous; December 11, 5 grams of arsacetin injected subeu- 
taneously. From December 11 to December 17 the horse was given alternate 
doses of arsenic sulphide and arsacetin and died on December 18 of arsenic 
poisoning. 

Mule (American) No. 27.—This animal was also examined at Bulacan on 
December 17 and trypanosomata found in its blood, On the same date 15 
grams of arsenic sulphide were given by mouth. December 10 the blood was 
still positive for parasites and 15 grams of arsenophenylglycin were injected 
intravenously. The animal was brought to the laboratory on December 21., Its 
temperature on examination was 40° and there was considerable mdema between 
the front shoulders. 'The temperature dropped to normal on December 24, 
although the marked седета, increased along the whole of the abdomen, Decem- 
ber 27, 20 grams of arsenophenylglycin were given intravenously, although the 
blood remained negative for parasites. Twenty-five grams of the drug were 
again given on January 4 and 25 grams on January 25. А monkey was in- 
oculated on January 25 just before the injection of the drug and did not develop 
surra infection. On February 14, 10 grams of arsenie sulphide were given the 
&nimal by the mouth, through a mistake on the part of the attendant. On 
March 23 trypanosomata reappeared in his blood and he was given 30 grams of 
arsenophenylglycin. ` 


This animal is at present alive and its blood contains no trypanoso- 
mata. It seems not unlikely that this animal was reinfected with surra 
from another mule which was suffering with the disease and which was 
kept with it. Ы 

Mule (American) No. 28.—Tuis mule was found positive for trypanosomata 
in Bulacan on December 17. On December 19, 15 grams of arsenophenylglycin 
were injected intravenously. Shortly after this injection the temperaiure which 
had been elevated became normal. On December 27, 15 grams of arsenophenyl- 
glycin were given intravenously. The blood remained negative until Junuary 
8, when trypanosomata reappeared. The animal was then inoculated with 5 


grams of atoxyl, but did not bear the inoculation well and three days later’ 


was in a very weak condition. On January 14 the blood examination showed 
no parasites. On January 22, 24, and 26, 10 grams of arsenic sulphide were 
given by mouth and on January 29, 5 grams of atoxyl subcutaneously. On 
January 81, 20 grams of arsenie sulphide; Vebrnary 2, 30 grams of arsenic 
sulphide; February 5, 5 grams of atoxyl; February 7, 20 grams of arsenic sul- 
phide; February 9, 20 grams of arsenic sulphide. February 14 the animal 
became still weaker. He developed pressure sores, and on March № trypano- 
somata, reappeared in his blood and he was destroyed. 

Hule (American) No. 29.—'Phis animal was also observed at Bulacan. It 
appeared in excellent condition at the time the trypanosomata were found on 
December 17, on which date 15 grams of arsenje sulphide were given by mouth. 
Decembr 19 the blood was still positive for parasites and 5 grams of atoxyl were 
injected subcutaneously. December 21, 20 grams of arsenic sulphide were given. 


44 STRONG AND TEAGUE. 


December 23 the blood was negative for parasites and 5 grams of atoxyl were 
injected; December 25, 30 grams of arsenic sulphide; December 28, 5 grams of 
atoxyl; January 1, 15 grams of arsenic sulphide. January 4 trypanosomata re- 
appeared іп the blood and 5 grams of atoxyl were given; January 6, 20 grams 
of arsenie sulphide; January 8, 5 grams of atoxyl; January 10, 20 grams of 
arsenie sulphide; January 14, 5 grams of atoxyl; January 18, 20 grams of 
arsenic sulphide; January 22, 5 grams of atoxyl; January 24, 20 grams 01 
arsenic sulphide; January 26, 20 grams of arsenic sulphide; January 29, 5 
grams of atoxyl; January 31, 20 grams oi arsenic sulphide; February 3, 20 
grams arsenie sulphide; February 5, 5 grams of eioxyl; February 7, 20 grams 
of arsenic sulphide; February 9, 90 grams arsenic sulphide. February 14, 
although the condition of the animal appeared good, trypanosomata reappeared 
in the blood, February 14, 5 grams of atoxyl; February 17, 25 grams arsenic 
sulphide;: February 19, 25 grams of arsenophenylglycin. Since this date the 
animal has been negative for trypanosomata and is in good condition. 

Male (American) No. 30.--Оһзегуей at Bulacan December 17. Examination 
of the blood positive for trypanosomata. Fifteen grams of arsenic sulphide given 
by mouth; December 19, 5 grams of atoxyl; December 21, 20 grams arsenie 
sulphide; December 23, 5 grams atoxyl; December 25, 20 grams arsenie sul- 
phide; December 28, 5 grams of atoxyl. December 30 the animal suffered from 
diarrhea und no treatment was given; January 4, 15 grams of arsenic sulphide. 
January 8 trypanosomata reappeared im the blood. The animal was given 5 
grams of utoxyl; January 12, 20 grams arsenic sulphide. Diarrhea and colic 
developed, January 14, 5 grams of atoxyl; January 18, 20 grams arsenic sul- 
phide; January 22, 5 grams atoxyl; January 24, 20 grams arsenic sulphide; 
January 26, 20 grams arsenic sulphide; January 29, 5 grams atoxyl; January 
31, 20 grams arsenic sulphide; February 3, 20 grams arsenic sulphide; February 
5, 5 grams of atoxyl; February 7, 20 grams arsenie sulphide; February 9, 20 
grams arsenic sulphide; February 14, 5 grams atoxyl; February 17, 20 grams 
arsenie sulphide; February 19, 20 grams arsenophenylglyein. March 23 try- 
peanosomata reuppeared in the blood, when 25 grams of arsenophenylglycin were 
injected intravenously. The animal is still alive and free from parasites. 

Mule (American) No. 31.—Found positive for aurra on microscopie examina- 
tion on December 23 at Bulacan, December 23, 5 grams of atoxyl; December 25, 
20 grams arsenic sulphide; December 28, 5 grams atoxyl; December 30, 25 grams 
arsenic sulphide; January 1, 5 grams of atoxyl; January 4, 20 grams of 
arsenic sulphide; January 6, 20 grams of arsenic sulphide; January 8, 5 grams 
atoxyl; January 10, 20 grams arsenic sulphide; January 12, 20 grams arsenic 
swphide; January 1%, 5 grams atoxyl; January 17, 20 grams arsenic sulphide; 
January 22, 5 grams aioxyl The animal having been treated about one month, 
treatment was discontinued until February 14. During this time the blood was 
negative. February 14, the blood was found positive for trypanosomata, when 
5 grams of atoxyl were given; February 17, 20 grams arsenic sulphide; February 
19, 20 grams arsenophenylglycin. The blood has since been negative. 

Nule No. 32.—American mule found positive for surra by тісговеоріе exam- 
ination on December 19 at Bulacan, when 5 grams of atoxyl were given; 
December 21, 20 grams of arsenic sulphide; December 23, blood positive, 5 grams 
of atoxyl; December 25, 20 grams arsenic sulphide; December 28, 5 grams of 
atoxyl; Deeember 30, 5 grams atoxyl; January 1, 20 grams arsenic sulphide; 
January 4, 5 grams atoxyl; January 6, 20 grama arsenic sulphide; January 8, 
5 grams atoxyl; January 10, 20 grams ursenic sulphide; January 12, 20 grams 
arsenic sulphide; January 14, 5 grams atoxyl; January 17, 20 grams arsenic 
sulphide; January 22, 5 grams atoxyl. Treatment was then stopped, the animal 
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December 23 the blood was negative for parasites and 5 grams of atoxyl were 
injected; December 25, 30 grams of ursenic sulphide; December 28, 5 grams of 
atoxyl; January 1, 15 grams of arsenic sulphide. January 4 trypanosomsta re- 
appeared in the blood and 5 grams of atoxyl were given; January 6, 20 grams 
of arsenic sulphide; Jannary 8, б grams of atoxyl; January 10, 20 grams of 
arsenic sulphide; January 14, 5 grams of atoxyl; January 18, 20 grams of 
arsenic sulphide; January 22, 5 grams of atoxyl; January 94, 20 grams of 
arsenic sulphide; January 26, 20 grams of arsenic sulphide; January 28, 5 
grams of atoxyl; Jannary 31, 20 grams of arsenic sulphide; February 3, 20 
grams arsenic sulphide; February 5, 5 grams of stoxyl; February 7, 20 grams 
of arsenic sulphide; February 9, 20 grams arsenic sulphide. February 14, 
although the condition of the animal appeared good, trypanosomata reappeared 
in the blood. February 14, 5 grams of atoxyl; February 17, 25 grams arsenic 
sulphide; February 19, 25 grams of arsenophenylglycin. Since this date the 
animal has been negative for trypanosomata and is in good condition. 

Mule (American) No. 30 ——0Observed at Bulacan December 17. Examination 
of the blood positive for trypanosomata. Fifteen grams of arsenic sulphide given 
һу mouth; December 19, 5 grams of atoxyl; December 21, 20 grams arsenic 
sulphide; December 23, 5 grams atoxyl; December 25, 20 grams arsenic sul- 
phide; December 28, 5 grams of atoxyl. December 30 the animal suffered from 
diarrhea and по treatment was given; January 4, 15 grams of arsenic sulphide, 
January 8 trypanosomata reappeared in the blood. The animal was given 5 
grams of atoxyl; January 12, 20 grams arsenic sulphide. Diarrhea and colic 
developed. January 14, 5 grams of atoxyl; January 18, 20 grams arsenic sul- 
phide; January 22, 5 grams atoxyl; January 24, 20 grams arsenic sulpbide; 
January 26, 20 grams arsenic sulphide; January 29, 5 grams atoxyl; January 
31, 20 grams arsenic sulphide; Febrnary 3, 20 grams ствепіс sulphide; February 
5, 5 grams of atoxyl; February 7, 20 grams arsenie snlphide; February 9, 20 
grams arsenic sulphide; February 14, 5 grams atoxyl; February 17, 20 grams 
arsenic sulphide; February 19, 20 grams arsenophenylglycin. March 23 try- 
panosomata reappeared in the blood, when 25 grams of arsenophenylglycin were 
injected intravenously. The animal is still alive and free from parasites. 

Mile (American) No, 31.—Found positive for surra on microscopic examina- 
tion on December 23 at Bulacan. December 23, 5 grams of atoxyl; December 95, 
20 grams arsenic sulphide; December 28, 5 grams atoxyl; December 30, 25 grams 
arsenie sulphide; January 1, 5 grams of atoxyl; January 4, 20 grams of 
arsenic sulphide; January 6, 20 grams of arsenic sulphide; January 8, 5 grams 
atoxyl; January 10, 20 grams arsenic sulphide; January 12, 20 grams arsenic 
sulphide; January 14, 5 grams atoxyl; January 17, 20 grams arsenic sulphide; 
January 22, 5 grams atoxyl. The animal having been treated about one month, 
treatment was discontinued until February 14. During this time the blood was 
negative, February 14, the blood was found positive for trypanosomata, when 
5 grams of atoxyl were given; February 17, 20 grams arsenic sulphide; February 
19, 20 grams arsenophenylglycin. The blood has since been negative, 

Mule Хо. 32,—American mule found positive for surra by microscopic exam- 
ination on December 19 at Bulacan, when 5 grams of atoxyl were given; 
December 21, 20 grams of arsenic sulphide; December 23, blood positive, 5 grams 
of atoxyl; December 25, 20 grams arsenie sulphide; December 28, 5 grams of 
atoxyl; December 30, 5 grams atoxyl; January 1, 20 grams arsenic sulphide; 
January 4, 5 grams atoxyl; January 6, 20 grams arsenic sulphide; January 8, 
5 grams atoxyl; January 10, 20 grams arsenic sulphide; January 12, 20 grams 
аузеліс sulphide; January 14, 5 grams atoxyl; January 17, 20 grams arsenic 
sulphide; January 22, 5 grams atoxyl. Treatment was then stopped, the animal 
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having been treated for.one’ month. On March 5, trypanosumata reappeared. 
in the blood. March 9, 24 grams of arsenophenylglycin were given intravenously. 
The animal died four days later. 

Aule (American) No. 38,—Foünd positive for surra on December 28 at Bu- 
lacan. Arsenic sulphide 20 grams by mouth. December 30, blood negative, ar- 
senic sulphide 20 grams. Animal found dead on morning of January 1. 

Epidemic at Alabang.—During the past year an epidemic of surra was 
also observed among the horses of the Government stock farm at Alabang. 
On September 3 we visited Alabang and found 17 horses infected with 
surra, "The blood in each instance was examined and the trypanosomata 
found therein. In many of the animals the parasites were very numerous 
and the horses showed well-marked symptoms of surra. In the following 
few weeks 3 other horses were found infected with surra at Alabang and 
these were treated with the others. The horses, during the course of 
their treatment, were kept in an open field at one corner of the farm 
and were fed under a тера roof, which afforded some protection from 
the sun. Flies were abundant, to the bites of which the horses were 
naturally exposed. The conditions, therefore, were such as might be 
met with in combating the disease in provincial districts with no protec- 
tion against reinfection, either from biting flies or from contact with 
other infected animals. 

‘Therefore, the conditions surrounding the experiment seemed most 
unfavorable for obtaining good results from treatment. 

The injections of arsenophenylglycin were given intravenously in ap- 
proximately 10 per cent solution. Since no facilities were at hand for 
holding the horses while they were being treated, it frequently happened 
that during the inoculation the needle escaped from the vein so that 
some of the solution was given subcutaneously. When this occurred, 
severe local reaction sometimes followed which resulted in abscess forma- 
tion. However, the abcesses healed later without trouble. No animals 
apparently died from the local effect of the drug. Owing to the condi- 
tions just described, it was impossible in the course of the experiments 
to determine whether a reappearance of the trypanosomala in the blood 
of individual horses indicated a relapse, or a reinfection. The experi- 
ments in monkeys indicated that a single large dose of the drug gave 
the best results. However, owing to the fact that some of our horses would 
almost certainly have been reinfected with surra during the period fol- 
lowing the first treatment, we felt compelled to repeat the dose at in- 
tervals, even though the blood remained negative in most of the cases. 
Our experiments with horses have shown us that as few injections as 
possible should be made, owing to the danger of the production by the 
drug of grave lesions in the internal organs. Table ПТ gives the results 
of the treatment of these horses. 

Discussion of Table ПТ During the few weeks following the first 
treatment of the horses, trypanosomata reappeared in the blood of a 
number of them, and since we did not have a sufficient quantity of arseno- 
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phenylglycin on hand to continue the treatment of all of the animals, 
some were destroyed. A few other horses died from the toxic effects of 
the drug. There remained, then, on November 19 only 8 horses alive. 
Four of these were brought to Manila and placed in screened stalls, 
These latter have all remained entirely free from parasites for six 
months ° and are in excellent condition at the present time. The blood 
of these horses has been subjected to repeated examination and as large 
an amount as 20 cubic centimeters has been repeatedly inoculated at in- 
tervals into monkeys with negative results. 

One of the horses, No. 78, had a slight rise in temperature on Decem- 
ber 13; fearing a relapse, this horse’s blood was at once injected into a 
monkey and the horse was then given a full dose of arsenophenylglycin. 
The monkey, however, remained free from trypanosomata, and we 
feel justified in concluding that the rise in temperature was due to 
some other cause than trypanosomiasis. These horses, we believe, have 
heen eured of zurra. Опе of them has been kept at work for over а 
month at Manila. Of the other horses, 2 have shown a reappearance 
‘of trypanosomata jn the peripheral blood after having been free 
from parasites for three months and five months, respectively. In 
view of the fact that the horses which were brought to Manila and 
kept in screened stalls have not shown any relapses, and, also, because 
the 4 horses left at Alabang remained in the same corner of the farm 
where the horses infected with surra were originally segregated, it seems 
not unlikely that the reappearance of the trypanosomata in the two 
instances just cited resulted from a reinfection from biting insects and 

: was not due to a relapse of the original infection. However, it is pos- 
‘sible that a relapse may have occurred. Both of these horses were 
subjected to further treatment; one succumbed a day or so after the 
administration of a large dose of arsenophenylglycin, the other is still 
alive and in good condition three months after the last treatment. 

The other horses at Alabang, although negative for trypanosomata, 
were treated оп November 19 as a prophylactic measure because of their 
intimate contact with the horse showing trypanosomata in its blood. 
They have remained negalive for trypanosomata and are in excellent 
condition аб the present time. ‘They have not been under daily observ- 
ation, as have the horses that were brought to Manila, but we are inclined 
to regard them as free from the disease. 

We believe, then, that we have on hand 7 horses, all in good condition, 
which have been definitely and permanently cured of surra by the in- 
travenous administration of arsenophenylglycin. 

Surra mns a very chronic course in cattle in the Philippine Islands, 
the animals harboring the parasites over long periods of time, during 
which their general health may remain unimpaired. This renders it 


* At the time of the reading of this proof, now 9 months. 
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extremely difficult to determine whether or not a drug used in the 
treatment of these animals is efficacious. Therefore, although we have 
treated a number of bullocks that were infected with the disease, we 
prefer to express no opinion at this time with regard to the action of 
the drug on these animals. 

SUMMARY. 


In the use of arsenophenylglycin two methods of treatment may be 
considered, as already outlined by Ehrlich: First, that by stages in 
which relatively small doses are given and at repeated intervals; second, 
the treatment by one or several large doses. In monkeys and horses 
there is no question but that the second method of treatment is the more 
favorable one. In horses, the most satisfactory results have been obtained 
where we have given an amount probably very close to the fatal dose to 
the animal infected.. Unfortunately, in horses the margin between the 
dose necessary to effect а complete cure and the fatal one seems very 
small (see horse No. 21), too small for us to be able io determine the 
amount most favorable for any given case. Moreover, the susceptibility 
of horses to the effect of ihe drug naturally varies to some extent. 
The condition under which the anhnal is kept after treatinent, whether 
favorable or otherwise, may possibly be the deciding point as to whether 
the animal recovers or dies. Lach repetition of a large dose obviously 
exposes the animal to inereased danger of poisoning, while the oppor- 
tunity of producing a cure is diminished. These facts are evident upon 
consideration of the action of atoxyl in the human body and from the 
results of our own experiments. 

In conclusion, we do not hesitate to say that arsenophenylglycin has 
proved to be by far the most satisfactory means of treatment of 
trypanosomiasis yet discovered. The drug has shown itself to be very 
efficacious for the treatment and eure of surra infection in monkeys. 
However, while the results in horses, are the best that have as yet been 
obtained, they are not nearly as encouraging as in monkeys. We have, 
however, for the first time been able to cure horses afflicted with surra, 
and this we never could accomplish before by any other means, 
While it appears that we can save a certain percentage of the horses 
infected with surra during an epidemic, we can never predict with 
cerlainty whether in a given instance we will be able (о cure the horse, 
or whether he will succumb first to the action of the drug. Потеует, 
since, the disease is invariably fatal in these animals without treatment, 
a trial should be made in the cage of every horse of any great value. In 
the epidemic at Alabang, we were able to. save a sufficient percentage of 
the horses [0 demonstrate that the means is of some practical value in 
the treatment of surra during ар epidemic. 

Tt is not our intention іп the present paper to report upon the results 
we have obtained in the treatment of trypanosomiasis with a large num- 
ber of other compounds prepared by Doctor Oechslin, of the chemical 
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laboratory of this Bureau. This work is still being continued at the 
present time, but so far, no results as satisfactory as those with arseno- 
phenylglycin have yet been obtained. 
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Taste L—]Dosage of arsenophenylglycin in normal monkeys. 


Dose of | Dose of Dose of 
Weight] arseno- Weight| urseno- Weight| arseno- 
otmon-| phenyl- | Death |'ofmon-| phenyl. Death |!ofmon-| рһепу Death | 
| key іп | glyeinin | абег— | Кеуіп | glyein in ! efter— Кеуіп | glyeinin | after— 
| grams, : grams рег grams, grams, | grams рег | 
j kilo, à kilo. | 
2,250; оло 2, 100 | 0.% 
1,800 ; 0.10! 2,350 0.28 
2.350 | 0.12 2.170 0.30! 
2,300 9.32 2,820 0.30 | 
2,300 | 9.14 2,700 | 0.32 y 
2,320 | 0.14 2,620 | 0.82 | 2days. | 
1, 900 | 8.16 2,350 0.34 | 10 days. i 
2,40 9.16 2,300 [r2 0.36 | 2days. 
2,800 | 0.28 5,40 | _ 026) заву.) i 
ТАвЕЕ IL, SERIES I (Monkeys). 
Interval be- 
Weight] rro Ы rs з 
с Vaan ieee Pest om aypa- 
j^ drin Days, Flood (татар | ; nosotuala. , 
1 mation. І | 
- i = a ==. 
2,500 18| Pos. 0.08 | 7 months. 
850 28| Pos. 
1, 620 Еді | Died in 8 days (negative) 
3,200 20 Died in 4 days __. 
1,100! зі Died after 3 months 
1,520 -| Died 5 days ___- | 
5,250 Died іп 6} months 
1,950 7 months. 
1,220 0.06 ....... -| Died in 55 days (positive. 
Died 3 days after inoculation with surra—not treated. 
5,90, 0.07 -| Alive — 8} months, 
1,550 0.07 K eC ' Do. 
1,770 0.07 0.09 | Died in 19 days (negative) 
| 9.08 Do. 
| aos De. || 
0.08 6 months. 
0.09 
| 00 Died in 17 days (negative) ....._ 
1 Control—not treated. Died 17 days after inoculation . 
Control hoe treated __ Died 14 days after inveulation__| 


* This monkey died 10 days after a third treatment with а dose of 0.15 gram per kilo. 


TREATMENT OF .TRYPANOSOMIASIS. 


Тавік II, SERIES IE (Monkeys). 
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First | Tuterval be- | босопа | 
Weight} дозе of | tween 40805. | dose of | 
No. of .jat firat | arseno: .-- anona 
jmonkey.| treat- | Phenyl- | ! phenyl- Result. 
У | ent | glycin Blood | glyein 
“Іш grams, Days.| exami- | in grams 
Грег kilo. nation. per kilo. 
i 0.08! 81: Pos. MES | Died int day 
i 0.08 | 31! Neg. 0.1 | Died in 17 days 
| 0,08 Н Alive - 
0,02: *4i Neg.] 041 | Died in 4 days 
Н Control —not treated. i i Died in 26 days 
| 0.081 а?! 
E 
9,80 


» Mouths. 


TABLE II, Serres ПІ (Monkeys). 


Period free 
from (гурн- ! 
! nosomata. 


7 months, 


| First dose 
| woot | atit ^ PER! 
imonkey.| "reat | уст | немі 
1 ment, іп grams | 
per kilo. 
2,250 
1,850 
1,700 | 
2,350 | 
2,200 
2,820 
1,509 | 
2,450 | 
2,250 | 
2,050 ; 
2,300 
2,150 . 
2,950 [rur EMEN 
2,000 0.22 , Died in 3 months (negative) 
2,170 9.24 | Alive... 
2,250 ; 0.24 | Died jn 13 day 
2,000 | 0.26 | Died in 10 day: 
2.000 0.26 | Alive.......... 
Control—not treated..| Died 5 daysafter inoculation. 


Control—not treated- 
Control—not treated. 


| Died 33 days after inoculation.: 


Died 22 days after inoculation. 


Period free 
from trypa- ! 
nosomata, 


33 months. 


Do. 
Do. 
4} months, 


TABLE ТЇ, SERIES ГУ (Monkeys). 


STRONG AND TEAGUE, 


First dose 
Weight | of arseno- йы 
No.of | atfrst | phenyl. Result. Period free | 
monkey. treat- glycin ` . from ітурв-. 
ment. "| іп grams nosomata. 
рот kilo. : 
1,570 9,26 Н 
1,450 
2,250 
1,980 do. 
2,150 Alive Do. 
1,250 Do. 
1,700 . 
1,350 6.36 | Died in 1 дву 


Control—not treated... Died 17 days after inoculation__ 
i 


Taere ПТ (Horses]. 


First treat- Inter- | gecondtreat-| Inter- Thirdtreat- | Inter- Fourth treat- | Inter- | Fitthtreat- -- Inter- Í Sixth treat- 30 8 
ment, val. ment. Tal | — ment i жа. ment. val. ment. val. ment. ie == 
-- | | — 52 ЗЕ 
i t | 5 5: n ы 5 | ЋЕ 
NX NL | Hs ір i БР "BE 
islam a |9 Е а amm, а iz Eš ‚| 3$ „| 2ЕЁ | 38 
3 Ree š ва š i $e š os ЕЕ s š š Be $; 555 ЕЕЕ 
|2124? À EH à |42434 3 ајан Е ЈЕ аи“ aj ET а | 
ү i | | 
d eit в. Iei | e| в. 
3. I3 K Бері 16 8 
з 17: P бері 0 (у У 
х: ШОК бері 16 25 
з! 13| P ;8ept.16 10 i 53 months- 31 months, 
8| 1 (Ko Sept. 21! 30 $ months! 31 months | 
ЕЈ IB | N . Sept, 21 rn 
3 P : Sept. 20 | (by RETIA Ч 
3 Х | Sept, 21 | < 10 months- 6 months. 
al 18| к | Sept. 21 | 15 . Ў 8 __.| влаошића_. 21 days, | 
3 х | BIN Sept 21 1 | «(8 тпәштЕз..: 5 months, 
a, 13| P | вере 16 | 10| 5] К верь 21 ей х Dee. 18 1 S$ months.! 89 days. 
3 ла |м | вере 21 | sgh sss. MEE ИЕ + 
к : NEN ; 
3 N Opt..16 115 ., 6months.. 3: months. 
3 No. Sept. 21, 15 т Oct. PN Set A 
ЕЈ р Фе. 15: (9) 
16 
. 15; 
aj 
3| s| is РО Sept. 21| 
i Š 


AN=Begative; P— positive. *Died November 19. i Died September 28. 


= Destroyed. iDied September 11, i Died October 3, 
сатасено was used instead of arsenophenylglycin, z Died October 22, Ы 
ЧІМей February 11. b Died October 1. 
„ 
= k D as PEE `= = 
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THE ETIOLOGY OF BERIBERI.' 


By HrNzY Fraser? and А. T. STANTON 


(From the Institute for Medical Research, Kuala Lumpur, Pederated Malay 
States.) * : 


The suggestion of a causal relationship between the consumption of 
white rice and the disease beriberi was first formally made in this country 
by Braddon (1). The observer also drew attention to the important fact 
that those who consumed rice which had been parboiled before husking 
remained free from the disease,.as did also the native Malays who con- 
sumed rice prepared by primitive methods of pounding and winnowing. 

A series of observations made by the writers (2) in 1907 on two parties 
of laborers, under conditions which excluded or adequately controlled 
the operation of factors other than diet, confirmed the correctness of this 
view of the causation of the disease. The prior observations of Fletcher 
(8) and Lucy (4) in this country and of Dubruel (5) in Indo-China 
and the recently published observations of Ellis (6) furnish further 
testimony, and it may now be claimed that thé theory rests on a solid 
basis of evidence. 

The mechanism by which white rice was able to produce this result 
has remained obscure. i 

Braddon suggested that “the cause of the disorder їз not indeed rice, qua rice, 
or as an article of dict, but diseased rice; rice with which poison derived from 
decay, due perhaps to.some fungus, or mold, or germ, or spore, originally per- 
haps growing upon the husk, has become mixed during the process of milling; 
or upon which such fungus may have grown and such poison have been pro- 
duced after decortication.” Eykman (7) trom experiments on fowls concluded 
that a definite poison exists commonly іп rice and that for this poison or its 
effects something in the pericarp іа an antidote, Dubruel believed in, the ingestion 
of an organiem associated with white rice, which organism multiplying in the 
body produced the disease. 

Following the line of thought suggested by the poison hypothesis, re- 
‘searches were undertaken to determine whether, from white rices actually 


1 Read at the first biennial meeting of the Far Eastern Association of Tropical 
Medicine held at Manila, March 10, 1910. 

? Director of the Institute for Medical Research; delegate from the Federated 
Malay States. ` . 

з Bacteriologist of the Institute for Medical Research. 


a 
о 


56 FRASER AND STANTON. 


associated with outbreaks of beriberi, there could be extracted by means 
of various solvents any substance or substances recognizable by chemieal 
methods as poisonous in character. These researches failed of their 
object, though it is admitted that the accuracy of the poison hypothesis 
was uot thereby disproved. 

Certain results which emerged from chemical analysis and histological 
examination of the rices turned attention to the possibility of an explana- 
tion of the course of суепіѕ оп an hypothesis of a defect of nutrition. 
That this explanation was inadequate, if dietary constituents as estimated 
by the ordinary analytical methods were alone considered, had been 
shown in the preliminary investigation. ` 

Ву a series of experiments on domestic fowls, the details of which will 
be supplied in a later publication, it was shown that these animals when 
fed on various kinds of rice were sensitive to differences between them. 
‘The fowls were confined in separate compartments and were in al] respects 
under identical conditions. "The manner of arrangement of the cages is 
Shown in Plate I, fig. 1. Y 

By further and repeated experiments with rices known to have been 
associated with outbreaks of beriberi, and with controls under identical 
conditions fed on parboiled rice, it was established that a certain reaction 
in fowls might be taken as an indicator of the beriberi-producing power 
of a given rice when forming the staple of the diet in man, Whether 
the disease produced in fowls be accepted or not as analogous to beriberi 
in man, the validity of the arguments here advanced remains unimpaired. 

Rices were available that were known to have been associated with 
outbreaks of beriberi, samples having been taken daily during the con- 
tinuance of the preliminary inquiry in 1907; also through the courtesy 
of Dr. J. D. Gimblette and Dr. G. D. Freer we were enabled to procure 
white rice which was being consumed prior to an outbreak of beriberi 
among Malays at the Kuala Lumpur police depot, which outbreak ecased 
on chauging the rice supplied to the parboiled variety, It was shown 
that these rices when fed to fowls constantly produced a certain disease 
in а large proportion of them, while parboiled rice as constantly failed 
to produce this result in groups under identical conditions. This disease 
is characterized by paralysis of the legs (Plate I, fig. 2, and Plate п, 
fig. 3), followed by paralysis of the wings (Plate IT, fig. 4) in the more 
Severe cases. Іп cases showing a moderate degree of paralysis the gait 
resembles very closely that seen im beriberi. The nerves of fowls suffer- 
ing from this disease show typical Wallerian degeneration (Plate 111, 
fig. 5). 

Tt is our belief that this disease, polyneuritis gallinarum, is truly 
analogous to beriberi in man, similar in its etiology, in its clinical man- 
ifestations, and we have shown them to be identical in their pathologie 
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effects, and that its oceurrence should be held as important confirmatory 
testimony of the connection between white rice and beriberi. It is de- 
sirable, however, to emphasize ‘the point that the acceptance or nonac- 
ceptance of this opinion is immaterial to the argument; for this purpose 
the occurrence of the disease is employed only as a reaction. The fact 
that certain white rices when forming the staple of a diet in man produce 
beriberi rests on quite other testimony than that supplicd by experiments 
on domestic fowls. 

The commercial varieties of white rice are numerous, but in this coun- 
try, apart from the grading as to quality, two are in common use and 
are known, respectively, as Siam and Rangoon. 

From epidemiological considerations and from experimental evidence 
it appears that Siam rice is considerably more potent in its beriberi- 
producing powers than Rangoon rice. 

The proteins, fats, carbohydrates, and ash were determined for the 
different varieties of rice which had been employed in the experiments, 
with the following percentage results calculated on dried material. 


Carbohy- 


I T 
| Proteins. Fats. rates; Ash. | 


i к as 
| White rice (Siam)... 

White rice (Rangoon). 
| Parbolled rice.....--- 


9,07 0.17 | 90.11 0.65 | 
8.44 0.81: 89.90 i 0.85 
9.48 0.51 89.12 | 0.89 | 


A comparison of these results shows that the only marked difference 
among the rices was in respect to fat, which was most abundant in the 
variety known as Rangoon, less abundant jn parboiled rice, and still 
less abundant in Siam rice. These observations, taken in conjunction 
with the experimental results in fowls, excluded the possibility of an 
explanation of the origin of beriberi on the ground of a deficiency in 
fat. ТЕ will be noted that these analyses did not include an estimation 
of the relative proportions of the inorganie salis composing the ash, nor 
did they take account of the manner of combination, organie or inorganic, 
in which these substances originally existed in the rice grain. 

By a method devised in this laboratory, sections of the various rice 
grains were obtained of sufficient thinness to permit the examination in 
detail of their histologic characters. By suitable staining methods it 
was shown that in parboiled rice (Plate ІН, fig. 7) remnants of the 
pericarp remained attached to the rice grain, whereas in Заза rice (Plate 
TIT, fig. 8) the pericarp and the layers subjacent to it (subpericarpal 
layers) had been polished away. It would appear that parboiling renders 
the grain tough and nonfriable, in consequence the subpericarpal layers 
can not be removed so readily as in the untreated grain. It was further 
demonstrated that the layers so retained in parboiled rice contained the 
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most of the aleurone and oily material present in rice grains. Rice as 
prepared by primitive methods (Malay rice) was similarly examined, and, 
as might have been expected from the pounding to which this rice had 
been subjected, paris of the subpericarpal layers were chipped off to a 
varying extent, but on the whole these layers were retained to a greater 
extent than is the case with white rice: 

Early in the course of the experiments the observation was made that 
parboiled rice subjected to exhaustion with bot alcohol and thereafter 
carefully dried in the sun to free it from alcohol, produced when fed to 
fowls a disease indistinguishable from that observed in birds fed on white 
rice, although such parboiled rice in its original state was incapable of 
producing this result, however long continued. 

The association of the observations referred to in the two preceding 
paragraphs seemed to point a way to a solution of the problem. It had 
been shows that white rice as prepared in the mills of this country pro- 
duced the same results in fowls as white rice known to have been as- 
sociated with beriberi If, now, a substance or substances residing in the 
outer layers which are polished away in white rice and are retained in 
parboiled rice could be added to white rice and so prevent its harmful 
effects it was conceived that the nutritive hypothesis would thereby be 
supported, | 

Іш accordance with this idea the following experiments were initiated : 


A rice mill in Singapore was visited and there was obtained (А) a quantity of 
the grain deprived of the husk; (B) a quantity of the polished rice from the same 
lot of grain, that is, the grain from which the subpericarpal layers had been 
polished off; (С) a quantity of the polishings, that is, the material removed 
subsequent to the separation of the husk and which includes the pericarp with 
the subpericarpal layers. ‘The miller estimates that 40 parts of paddy produce 
25 parts of white rice, 5 paris of polishings, and 10 parts of husk. The polish- 
ings are sold as food for cattle and the husks are burned as fuel in the mill. 

Етрегітеті A.—Twelve fowls were fed on the Әшекей grain for five weeks. 

Result: АЈ) remained healthy. 

Baperiment B.—Twelve fowls were fed on the white rice alone. 

Result: In five weeks six had developed polyneuritis; two were dead, one 
having suffered from polyneuritis and one from a disease other than polyneuritis ; 
five fowls remained healthy. 

Haperiment C.—Twelve fowls were fed on rice taken daily from the same bag 
as that used in experiment B; in addition, polishings in the form of emulsion, 
in amount equal to that milled from the quantity of rice consumed, were fed 
daily by a tube passed into the crop. This quantity was subsequently diminished 
week by week until only 3 grams of polishings per kilo of body weight were 
being given daily, This amount sufficed to maintain the fowls in health and in 
constant weight, 

Result: The experiment was continued for seven weeks and all remained 
healthy. 

‘The result was subsequently confirmed for rice taken from places where known 
outbreaks of beriberi had occurred. 


Y 


THE ETIOLOGY ОҒ BERIBERI. 59 


It will be understood that these three experiments were in progress 
simultaneously and that the fowls were in all respects under identical 
conditions. 

Bwperiment D.—Part of the original paddy was taken and milled by a Malay 
woman by primitive methods into the finished product as eaten by Malaya. 
Eight fowls, fed for five weeks on the rice prepared from the original paddy 
by the Malay method, remained healthy, Eight fowls only were used for this 
experiment, as the quantity of paddy then remaining sufficed only for this 
number for the time it was estimated the experiment would last. 

Attention is drawn to the important point that the products used in 
these experiments were all.derived from the same lot of paddy, and the 
results force us to the conclusion that it is the polishing process, which 
is essentially at fault; the polishing of white rice removes from the 
seed some substance or substances essential for the maintenance of the 
normal metabolism of nerve tissues. ` 

To elucidate the poiut аз to whether rice when freshly milled is less 
harmful then that which has become stale, an assistant was stationed 
in Singapore who sent daily to the laboratory by the most expeditious 
route a quantity of rice milled on the day of dispatch. Twelve fowls 
were fed on this rice and five developed polyneuritis in four weeks. 
This result, which is similar to that obtained in other experiments, 
when fowls were fed on rices milled from four wecks to two years pre- 
viously, disposes of the suggestion that the harmfulness of white rice 
is due to its staleness or the development in it of a poisonous substance 
or substances subsequently to its being milled. The root of the evil 
lies in the milling process itself. The result further indicates the in- 
adequacy of preventive measures founded оп the poison hypothesis in 
regard to the use of freshly milled rice. 

An experiment was now planned to determine whether a parboiled 
rice proved harmless, could by exhaustion with hot alcohol be reduced 
to such a condition that it would produce polyneuritis when fed to 
fowls, and whether the substances so extracted when fed to fowls with 
a white rice proved harmful could prevent the development of poly- 
neuritis. For this purpose parboiled rice was repeatedly exhausted with 
hot alcohol. The alcoholic extracts were concentrated in vacuo at а 
temperature of 52°, freed from alcohol and the residue emulsified in 
dístilled water. Experiments with these products showed that fowls fed 
on the exhausted, parboiled rice contracted polyneuritis, and that birds 
fed on a white rice proved harmful by previous experiment remained 
healthy if they received in addition a quantity of the extract. 

Having by these and other experiments, the details of which are 
omitted so as not to encumber the argument, arrived at the point where 
it was clear that the essential cause of beriberi was to be sought for in 
a nutritive defect, further efforts were made to determine by chemical 
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methods precise differences between various ricos, Such differences, if 
they are io furnish an adequate explanation for the origin of beriberi, 
must be in accordance with clinical obsorvations and the experimental 
results in fowls, 

dn view of the important rôle played by phosphorus compounds in the 
nietabolism of nerve tissues, the amount of phosphorus in various kinds 
of rice was determined as phosphorus pentoxide. ‘The result of a large 
series of observations showed that a reduction in the amount of phos- 
phorus pentoxide obtained from rice was directly related to the probability 
of the rice producing Тек Шеті; in other words, the higher the phosphorus 
content of a rice the less was the liability of that rice to produce the 
disease, and vice versá. 

Thus, а sample of parboiled rice which was fed to fowls over many weeks all 
remaining healthy, was found to contain 0.469 per cent PO, and a sample of white 
rice which produced polyneuritis in fowls yielded 0.277 per cent Р.О. The rice 
polishings employed in experiment C yielded 4.2 per cent Р,0,. 


From а series of observations it was determined that a fowl under 
the conditions of our experiments, weighing from 1,200 to 1,400 grams, 
required 60 grams of parboiled rice daily to maintain it in health and in 
nutritive equilibrium. In experiment Ç it was determined experimen- 
tally, the chemical analysis being then unknown, that when fed on white 
rice a fowl of this weight required the addition of about 3.5 grams of 
polishings to preserve it in nutritive equilibrium. From the data given 
above it may readily be calculated what amount of polishings added to 
white rice, is required to raise the phosphorus content of the white rice 
dict to that of the parboiled rice. "Thus 


Grams Р.О... 
` 60 grams of parboiled rice 0.3120 
60 grams of white rice 0.1662 
Difference . 0.1458 


Polishings contain 4.2 per cent of phosphorus pentoxide. 

Caleulated from the phosphorus content, therefore, 3.47 grams of polishings 
added to the 60 grams of white rice supplied to a fowl of 1,200 to 1,400 grams 
weight should preserve it in nutritive equilibrium. From experimental observa- 
tion 3.8 grams of polishings had been shown to aceomplish this result. This can 
scarcely be regarded merely us a coincidence, but its exact significance and im- 
portance can not yet be estimated. Ç 


Fowls receiving nothing but water do not develop polyneuritis, while 
fowls receiving only polished rice and water do. No satisfactory ex- 
planation of this observation has as yet been obtained, but further 
researches are in progress. Meanwhile the amount of phosphorus esti- 
mated as phosphorus peutoxide contained in a given rice may be used 
merely as an indicator of its liability or otherwise to produce heriberi, 

We are greatly indebted to Mr. В. J. Eaton, chemist in this institute, 


~ 


THE ETIOLOGY OF BERIBERI. 61 


for valuable assistance in the chemical part of this investigation, and to 
Dr. R. D, Keith for suggestions as to methods for the examination of 
the nerves. 

SUMMARY. 


1. Beriberi is a disorder of metabolism and, as it oecurs in this coun- 
try, is associated with a diet in which white rice is the principal 
constituent. 

2. White rice as produced in the mills here commonly makes default 
in respect of some substance or substances essential for the maintenance 
of the normal metabolism of nerve tissues. These substances exist in 
adequate amount in the original grain and in superabundant amount in 
the polishings from white rice. 

3. The estimation in terms of phosphorus pentoxide of the total 
phosphorus present in a given rice may be used as an indicator of the 
beriberi-producing power of such rice when forming the staple of a dict 
in man, š 

The prevention of beriberi in this country will be achieved by sub- 
stituting for the ordinary white rice a rice in which the polishing process 
has been omitted, or carried out to a minimal extent, or by the addition 
to a white-rice diet of articles rich in those substances in which such 
white rice now makes default, One such article which is cheap and 
readily obtained is the polishings from white rice. 

The use of parboiled rice as suggested by Doctor Braddon will achieve 
a like result, provided that the polishing process is not carried beyond 
the limited extent now customary. 
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ILLUSTRATIONS. 


PrarE 1. 


Fic. 1. Fowl-run, showing arrangement of cages. 
2. Fowl fed on white rice, Early stage of polyneuritis. 


Prate II. 


Fic. 3. Fowl fed on white rice. Polyneuritis. 
. Fowl fed on white rice. Late stage of polyneuritis. 
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Prave ІП. 


Fic. 5. Teased preparation of sciatic nerve of fowl suffering from polyneuritis. 
Wallerian degeneration. 
Cross section of rice grain, after removal of the palew or husks, showing 
the pericarp and subpericarpal layers intact. 
: Cross section of rice grain treated by parboiling before milling, showing 
the subpericarpal layers intact. 
. Cross section of grain of white rice (Siamese). Subpericarpal Jayers have 
been removed in polishing. 
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Fic. 1. FOWL RUN, SHOWING ARRANGEMENT ОҒ CAGES. 


Ра. 2. FOWL FED ON WHITE RIGE. EARLY STAGE OF POLYNEURITIS. | 


PLATE 1. 1 


FRASER AND STANTON: THB ETIOLOGY ог Врипилиј |Рни, Јосих, Sch, Von. V, Хо, 1 


Fis. d. FOWL RUN, SHOWING ARRANGEMENT OF САВЕЗ, 


Еш. 2. FOWL FED ON WHITE RICE. EARLY STAGE OF POLYNEURITIS. , 


PLATE 1. 
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Fic. 1. FOWL RUN, SHOWING ARRANGEMENT OF CAGES. 


Еш. 2. FOWL FED ON WHITE RICE. EARLY STAGE OF POLYNEURITIS, .. 


PLATE 1. 
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Fic. З. FOWL FED ON WHITE RICE. POLYNEURITIS. 


Fic, 4, FOWL FED ON WHITE RICE. LATE STAGE OF POLYNEURITIS. 


PLATE il. 
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Fie, Н. TEASED PREPARATION OF SCIATIC NERVE OF FOWL Fio. 7, ORCSS SECTION OF RICE GRA'N TREATED BY 
SUFFERING РВОМ POLYNTURITIS. WALLERIAN PARHOMING BEFORE WILLING, SHOWING 
DEGENERATION. THE SURPESIGAHPAL LAYERS INTACT 


Fig. b, GROSS SECTION OF RICE GAIN, AFTER 
REMOVAL OF THE РАЈЕ OR rUSKS Го. # CROSS SECTION OF GRAIN OF WHITE RISE 
SHOWIKG THE PERICARP AND SUB- ПНАМЕЗЕ:. SUBSERICARPAL LAYERS HAVE 
PERICARPAL LAYERS INTACT. BEEN REMOVED IN ?0.ISHING 

PLATE ін 


ON THE ETIOLOGY OF BERIBERI.’ 


By J. ре Maan? 


Beriberi has for many years been a subject of study by the govern- 
ment medical laboratory at Weltevreden, and the object of this paper is 
to communicate the results of all these investigations and to give the 
point of view which is maintained by us with reference to the etiology, 
especially for the Tropics, of this interesting disease. 

No one hitherto hag succeeded in proving beriberi to be caused ђу a 
specifie microbe, or shown that it should be classed among the infectious 
diseases. Neither its epidemic nor endemic dissemination, nor the few 
cases mentioned in literature indicating the possibility of infection from 
one person to another, should be considered as a proof of its microbic 
origin, since the clinical symptoms of beriberi—polyneuritis with all its 

'sequele—may be caused by many other factors. My own very numerous 
attempts to find the causa morbi in the blood, the organs, or the excreta 
of persons suffering from beriberi also have never succeded, and 
although I should not wish to consider this as a decisive argument for 
а nonmicrobic infection, it must be granted that it increases ils 
probability. | 

By degrees we have gathered a series of facts that may possibly throw 
some light on this obscure subject. у 

Doctor Eykman, іп the year 1888, observed the appearance among 
the laboratory fowls of an epidemic of polyneuritis that in many respects 


resembled beriberi. The clinical symptoms were: Staggering, often ' 


followed by total paralysis, paresis of the wings, dyspnoea and cyanosis; 
followed by death. The post-mortem examination revealed emaciation 
of the subcutaneous fatty tissue as well us of the muscles, much fluid in 
the pericardium, degeneration of nerve fibers, but no macroscopic nor 
microscopic alieralious of the brain or of the spinal cord. * It was evident 
that this disease was not caused by an infection with microbes, but that 


“2 Read at the first biennial meeting of the Far Eastern Association of Tropical 
Medicine, at Manila, March 11, 1010, 

2 Director of the Government Medical Laboratory at Weltevreden, Java, Duteh 
East Indies; delegate from Her Majesty’s Government ot the Netherlands East 
Indies, | š 
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it was closely associated with the food of the fowls. It always appeared 
after an incubation period of varying duration (ranging from twenty to 
thirty days, sometimes more) when the birds were fed on boiled rice, 
the same as was given 10 the hospital patients. The polyneuritis could 
not be caused by a poison present in the rice, for fowls sickened much 
sooner when fed on boiled rice than when the same variety of grain was 
given unboiled. When they were given unhusked rice, or the so-called 
red variety, no polyneuritis appeared ; the sick ones could even be cured 
by the latter. У 

It then became of great importance 10 determine the difference between 
white and red rice. No distinction can be detected between these two 
varieties when they are unhusked, but it becomes apparent after they 
have been husked. The grain (endosperm) in the red rice had re- 
tained its pericarp (inner skin—Dutch, zilvervlies) , because there is great 
coherence between the latter and the endosperm ; the pericarp contains а 
red color in its component cells. Red rice is commonly used as an article 
of food for animals, and it is eaten by man only in some parts of 
Java, therefore, no great labor is spent on removing the ремсагр., The 
pericarp must be totally removed to render the grain suitable for the 
table (cleaned, or white rice), afier which manipulation the endosperm 
alone remains, that is, the grain then consists almost entirely of starch. 

‘These experiments prove that the husks are of no importance in the 
etiology of polyneuritis. On the other hand, when the diet consists of 
rice alone, the appearance of the disease depends upon whether the peri- 
carp has been removed or not. Sick fowls recovered when fed on cleaned 
rice, together with a quantity of the bran from the rice. 

Fowls fed on starch (cakes made of sago meal, pear] tapioca, or the 
starch of the sugar palm tree?) also suffered from polyneuritis, but they 
soon recovered, exactly as fowls did which had fallen ill by being fed 
on cleaned rice alone, when subsequently given raw meat. The disease 
also appeared when the birds were fed on sago, tapioca or sugar palm 
starch, together with a small quantity of meat; on the other hand, those 
which secured potato-starch, or milk sugar with a small quantity of meat, 
remained healthy. Polyncuritis never appeared when the fowls were 
not especially fed. Pigeons contract the disease by being given the same 
diet as fowls, whereas mammals do not. 

From the results of his experiments, Doctor Eykman concludes that 
polyneuritis is caused by a poison present in starch or developed from 
it, and that there are one or more constituents in the pericarp of rice 
which counteract the poison, or prevent its formation. The same conclu- 
sions hold with all varieties of rice; neither its origin nor the time during 
which it has been stored are of the slightest importance. 


? Arenga saccharifera Labill. 
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Doctor Eykman’s investigations, mentioned above, from 1888 to 1896 
caused the sanitary inspector, Doctor Vorderman, to undertake a tour of 
inspection through all the prisons in Java and Madura to gather exact 
data on the prevalence of beriberi during the year 1895 and the first half 
of 1896, and to collect samples of rice in order to discover whether any 
connection could be established between the prevalence of beriberi in the 
different prisons and the kind of rice consumed therein. 

The result of this inspection was as follows: 

Out of 52 prisons, where cleaned rice constituted the principal article of food, 
37 were affected with beriberi, and the average percentage was 71.16. Out of 37 
prisons, where rice with the whole of the pericarp constituted the principal article 
of food, 1 contained beriberi cases, and the average percentage was 2.7. Out of 
12 prisons, where half-cleaned rice constituted the chief article of diet, 5 showed 
beriberi to be present, and the average percentage was 41.46, 

Тһе conclusion deduced from these figures, namely, that among men 
a connection also exists between the prevalence of polyneuritis and rice 
eating, although criticised by some, must be maintained. 

Last year Í made a trip to the coal mines of Sawah Loents іп Su- 
тайа. Cases of beriberi among the coolies working іп the mines at 
this place are very rare, and I ascertained that the rice eaten by these 
men was half cleaned. 

Statistics on the frequency of beriberi among the Singkehs in the 
tin mines at Blinjoe in 1908 apparently prove that beriberi was encoun- 
tered twenty-four times as frequently among the coolies who eat cleaned 
rice as among those who eat grain which has not lost all of its pericarp. 

Doctor Grijns continued these investigations in our laboratory after 
Doctor Eykman's departure for Holland in 1906. Не did not succeed 
‘in preventing an outbreak of polyneuritis among fowls fed on cleaned 
rice by adding to ihe latter the different salts or the fat, contained in 
the grain in а smaller quantity than in the pericarp. When the pericarp 
iiself was added in large quantity, then polynenritis did not appear; 
but small quantities of the pericarp only delayed its incidence. Ft was 
impossible to extract the active constituents from the pericarp. 

The beans of Phaseolus radiatus Lim., termed Баја idjo by the 
Javanese, not only proved to be capable of preventing an outbreak of 
the disease among fowls fed on boiled, cleaned rice, but even when it 
had developed, the birds could very easily be restored to health by eating 
katjang idjo. Another variety, Cajanus indicus Spreng. (ба ату iris), 
gave the same result. Investigations made іш 1909 proved that many 
other kinds of beans, namely, ketjang bogor (Voandecia subterranea 
Thou.), hatjang tjina (Arachis hypogea Linn.), katjang pandjang 
(Vigna sinensis (Linn.) Endl,) (V. catjang (Linn.) Walp.) have the 
same properties. 

Kaljang idjo loses its prophylactic and curative power when steamed 
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at 120° for from one to two hours. Fowls even fell Ш when fed on 
steamed beans alone, but it was possible to keep birds which were 
given steamed hatjang idjo to which only a small quantity (a few grams) 
of там beans had been added, in good health and even sick birds could 
be cured by the latter mixture. Ducks also contracted polyneuritis 
when fed on cleaned rice. Fowls also became ill when given unhusked 
rice, or meat steamed at 120° during two hours. Pigeons fed on meat 
extracted by boiling, died of polyneuritis, 

The disease also appears among fowls fed on raw, unhusked rice, 
although these instances are very rare. Doctor Eykman, іп his later 
experiments, could not confirm this observation made by Doctor Griins, 
but I was able to do so, I kept birds in my own garden, where they 
were fed only on unhusked and red rice; among these was one cock 
which suffered repeatedly from the clinical symptoms of polyneuritis 
and each time was cured by katjang idjo and raw meat. The late Mr. 
de Bruin, of the Veterinary School at Utrecht, observed polyneuritis 
in а cock fed on a mixture of maize, buckwheat, barley, and husked rice. 
However, these observations can not be used as an argument against 
a connection belween polyneuritis and rice eating, because polyneuritis 
may also be produced by many other factors. 

Doctor Grijns, in contradistinction to Doctor Eykman, observed that 
fowls when given milk sugar and potato starch, together with steamed 
katjang idjo, contracted polyneuritis. 

Doctor Eykman, after arriving in Holland, repeated the same experi- 
ments and, after some failures, produced results identical with those 
which he had secured in our laboratory. He proved barley, rye, oats, 
and millet to be excellent food for fowls, but they caused polyneuritis 
when steamed in an autoclave at. 110° to 125°. Sick fowls could be 
cured by an aqueous extract of rice bran. Potalo starch, which he 
found in his former investigations was incapable of causing polyneuritis, 
produced the disease when steamed for two hours at 125°, Не could not 
confirm the result obtained by Doctor Grijns in producing polyneüritis by 
feeding steamed meat. Doctor Eykman, owing to his new experiments, 
reached the same conclusions as he did from those of 1889 to 1896, 
namely, that an outbreak of the disease depends upon the presence of 
definite varieties of starch in the food. He again concluded that the 
degeneration of the nerve fibers is brought about by a poison which is 
developed from this starch during digestion. He assumes constituents 
capable of preventing the formation of this poison fo be present in 
different varieties of food, but believes these to be destroyed by heating 
to 110° to 1259, 


ЗА. Holst, Experimental studies relating to ship beriberi and scurvy.” Journ. 
Hyg. (1907) 7, 619-671, stated that chickens fed on meat steamed at 120° during 
two hours died from polyneuritis. 
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Doctor Grijns, after he succeeded in producing polyneuritis in fowls 
as well as pigeons by feeding them on food without starch, concluded 
that the nervous system requires definite and until now’ unknown con- 
stituents which are present in different articles of food in widely varying 
quantities; katjang idjo containing a great proportion of the latter, 
cleaned rice only a few. "Гһеве constituents can be rendered inactive by 
steaming at 120° and an article of food which only contains small 
amounts of them is capable of causing disease of the peripheral nervous 
system. This author has for a long time been occupied in separating 
the active constituents from katjang idjo, but has not as yet been 
successful, 

Doctor Schaumann, as a result of his investigations on ship beriberi, 
believed it possible that the nucleins are indispensable {о the nervous 
system. Ле came fo this conclusion because in cases of beriberi the 
secretion of compounds of phosphoric acid is diminished, and articles 
of food which are considered as probable factors in the etiology of beri- 
beri, such as, for example, cleaned rice and dried potatoes, contain but a 
small amount relatively of these compounds, whereas the pericarp of rice 
and katjang idjo have a great quantity. He also proved that a large 
proportion of the nucleins js decomposed in old beans, which is a reason’ 
why articles of food in good condition, by reason of a long voyage or by 
being stered for a long time, may become unfit to supply the nervous 
system with sufficient nutriment. 

After this communication, Doctor Grijns attempted to cure fowls suf- 
fering from polyneuritis by means of nucleins derived from hatjang idjo, 
but with negative results. Doctor Schaumann brought forward the same 
results in his later publications, for in the case of pigeons suffering from 
polyneuritis, he,could produce no effect by giving nucleins prepared from 
yeast. 

In 1909, Doctor Grijns published the following investigation: 

He injected into the peritoneal cavity of healthy fowls the blood of diseased 
birds (a minimum of 57 cubic centimeters in 12 injections and a maximum of 220 
cubic centimeters in 23), but without result. The nerves of diseased fowls. 
either free or inclosed іп collodion sacks and introduced into the peritoneal 
cavity of healthy birds, did not give rise to polyncuritis. The feeding of healthy 
fowls on the flesh of diseased birds had no effect, neither did the injection of 
the blood of the former into the latter accelerate ihe appearance of polyneuritis 
in the cuse of fowls fed on cleaned rice. 

In the year 1901 an epidemic of beriberi occurred among tho coolies at 
the coaling station at Sabang (Sumatra), The medical officer there 
present, Dr. П. L. Roelfsema, could not observe any amelioration in the 
condition of the patients when he gave them meat and other extra articles 
of food, but he did observe that the epidemic ended as soon as he 
prescribed katjang idjo. Doctor Hulshofl-Pol repeated these experiments 
in the lunatic asylum at Buitenzorg. During the period from August 1 
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to April 30, 1902, Ше patients from twelve pavilions of the asylum 
received the following in addition to the ordinary diet: 

In 3 pavilions, 150 grams of katjeng idjo; in 3 pavilions, 300 grams of fresh 
greens; and in 6 pavilions, ordinary diet, The pavilions were disinfected once a 
week with carbolic sonp, 3 per cent, in order to kill any insects which might be 
of importance in the dissemination of beriberi. 

The following were the results: Seventy lunatics who ate katjang idjo 
did not develop any cases of beriberi, The 86 who were given fresh 
greens gave 16 cases, and 33 of the 78 who lived in the disinfected 
pavilions contracted the disease. There were 58 control patients, of 
whom 19 contracted beriberi. 

The curative power of katjang idjo was proved by the following: 

Out of 64 patients suffering from beriberi, 44 were treated with 
hatjang idjo, aud these recovered; 20 were left without these beans, 
and of these 7 died, 6 recovered or improved, and 7 became worse; but 
after the use of kutjang idjo the latter also became well. 

Doctor Hulshoff-Pol proved that a decoction of kaijang idjo has the 
same curative and preventive power as the beans themselves, not only 
when given to patients suffering from beriberi, but also to fowls with 
polyneuritis. He prepared the decoction by boiling 1,000 grams of kat- 
jang idjo with 2.5 liters of water during one and one-half hours, until 

: only 1 liter remained. ` 3 

Ín 1908 Dr. Kiewiet de Jonge, in our laboratory, repeated Doctor 
Hulshofi-Pol's experiments on 384 patients in the lunatic asylum at 
Buitenzorg. Katjang idjo was given to 182 of these, but not to ihe 
remaining 202. ‘The result was as follows: 

(А) As to the curative action of katjang idjo: 


With | Without, 
Suffered from beriberi ana— айал А кашне, 
remained unchanged 15.0 23.4 
improved 75.0 13.3 
became worse 10.0 63.3 
died 2.5 30.0 


(B) As to the prophylactie action of katjang idjo: 


With Without. 
Had no beriberi and каЈино idio, паралоо, 
did not contract the disease 97.2 76.9 
contracted it 28 23.8 
contracted it and died 0 9.3 


‘thirty-six patients were treated with a decoction of kaijang idjo. The 
symptoms of the disease either were greatly ameliorated, or totally dis- 
appeared among all of them. 

In the year 1909, iogether with Doctor Grijns, I published a series 
of experiments describing our attempts to prove the presence of anti- 
bodies in the blood serum of beriberi patients, or of fowls suffering from 
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polyneuritis. We did not succecd in proving them to be present. Neither 
was it possible to find antigen in any of the various organs. We desire 
to draw attention to this work as giving further confirmation of the 
identity in the character of the experimental polyneuritis of fowls and’ 
polyneuritis epidemica, or beriberi, in man. 
The following conclusions are drawn from the above-mentioned in- 
vestigations. 
CONCLUSIONS. 


1. The disease described as beriberi, or polyneuritis epidemica, bears 
a very great resemblance in its etiology, prophylaxis, and therapeutics 
to the polyncuritis which can be artificially produced in animals, prin- 
cipally in fowls. 

2. Just as is the case in the latter, the former is almost always the 
result of eating cleaned rice, that is, мес deprived of the whole of its 
pericarp, although other articles of food, prepared in a special manner, 
may also cause an outbreak of the disease. 

3. The pericarp of the rice and also some parts of the grain are 
removed in the manipulation, by which, unhusked rice becomes cleaned 
rice. Certain constituents of the greatest importance in securing normal 
nutriment of the peripheral nervous system are lost during this operation. 

4. The constituents are neither salts, nor nucleins. 

5. Their cbaraeter is still unknown. 
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By H. CAMPRELL ÍliaHET/ 


Beriberi as a cause of invaliding and of death is now a common 
enough disease in Bangkok, but it has not always been so; in fact, the 
only reliable records which I can obtain date no further back than the 
year 1890. In that year an epidemic broke out in the central jail and, 
in the absence of definite figures, I сап not do better than to quote a 
portion of a letter to me with general reference to beriberi, by Dr. 
Heyward Hays, of Bangkok. Не writes: 


My first personal contact with the disease occurred in 1890 in the new jail. 
Doctor Willis, who was then the physician to the British legation, invited me 
to go to the jail with him to see a number of cases he supposed io ће beriberi. 
I confirmed his diagnosis. It was of the wet variety and very fatal. Doctor 
Willis and myself made out a report which was handed tó His Siamese Majesty 
and the recommendations made in that report were immediately granted and 
carried out. The result was that the disease disappeared and was not seen 
in the jail up to the time I resigned in 1808, having succeeded Doctor Willis 
as physician to the jail in 1892. My next experience with the disease was in the 
year 1896 at Chantook and Muet Lek, during the construction of the Korat. 
Railway? We had a great many cases, particularly of the wet variety, which 
was very faial. My next experience with the disease was in the year 1897 at 
Java, during His Majesty’s visit there. It broke out on all our ships simul- 
taneously and we had some eighty or ninety eases. None proved fatal, owing to 
the fact, I believe, that the disease was discovered in its early stages, as well 
as to the caustic measures which were taken to stamp it ont. 


Beyond these epidemics of the disease reported by Doctor Haya, beri- 
beri was unknown to the general practitioner and even to the hospital 
physician until 1900. Arriving in Bangkok in April, 1897, after nearly 
five years’ practice in Singapore, where I had seen much of the disease, 
I was soon struck with the total absence of cases of beriberi amongst my 
patients, whether in hospital or in private practice. On inquiry of 


= Read at the first biennial meeting of the Far Eastern Association of Tropical 
Medicine, March 11, 1910. 

* Fellow of the Royal Institute of Public Health; principal medica! officer, local 
government, Bangkok, Siam; delegate from His Imperial Siamese Majesty's 
Government, 

з These places are over 60 miles from Bangkok, 
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several of my colleagues who had already been many years in Siam, 
I was told that beriberi was a rarity. However, on August 29, 1900, 
our first case was admitted to the Police Hospital in the person of a 
Siamese constable. Another case came in a month later, but after that 
no further ones are noted in our Police Hospital register until April, 
1901, since which time beriberi has become one of the ordinary diseases 
seen in that hospital. During this year, 1901, a very severe epidemic 
broke out amongst the soldiers in the central barracks, several cases were 
reported from the navy, and cases began to be admitted in increasing 
numbers to the general hospitals. 

Since then, beriberi has taken a prominent place аз a cause of invalid- 
ing in the public services. In the absence of reliable data for the ordinary 
civilian population, the following return of cases of and deaths from 
beriberi recorded in the hospitals, the army, the navy, and the police 
during eight years may be of interest: 


x BE Ua 
Cases, ! Deaths, 


| T- 
92 
| 101 
! D E 
Н 229 
i 282 
| ЈЕСИ 


Тойы а КАН | 22,670 


Tt must be noted, however, that these 1,063 deaths give по real con- 
ception of the actual death rate, as it was the custom of us all to send 
our beriberi sick away to their own homes in the country, finding that 
after a month or two many returned cured. Why such cases should 
“recover much more satisfactorily if sent home is & most important point 
which will be disenssed later. At any rate, here we have a total of nearly 
23,000 cases in the public services in eight years, № aturally, the figures 
for the present year are not yet obtainable, but I have no doubt they will 
be very high. Compulsory registration of deaths only came into force 
in Bangkok in October last, but during the three months during which 
the law has been in force 203 deaths from beriberi have been recorded. 
So much for the history of beriberi in Bangkok up to a year ago. 

Now, as to the cause of beriberi. My experience in Bangkok leads 
me to confirm absolutely the opinion first expressed by Braddon and 
lately confirmed by Fraser and Stanton, of Kuala Lumpur, that beriberi 
is closely associated with the consumption of white, steam-milled rice. 

Why this should be so, I am not yet prepared to say. Is it due to the 
.presence of a fungus on the white rica which Has become stale, is it 


BERIBERI IN ШАМ. ° 15 


the result of want of nitrogen, or is it due to the removal of the oil- 
containing rind of the grain and so leading to fat starvation? ‘hese are 
points which are still sub judice and we await with much interest the 
elucidation of this fascinating problem. From a practical administrative 
point of view, at least, we may definitely say that beriberi is apt to attack 
those who regularly consume white, sleam-milled rice, and in support 
of this view I shall now give you the facts from Bangkok. 

1. Beriberi was, so far as we can find out, unknown in Baugkok until 
white, steam-milled rice began to be retailed locally. It is true that for 
over ten years before the first outbreak in the jail, white rice was prepared 
in one or two steam mills in Bangkok, but the whole of this was exported 
to Europe. One of the first large institutions to be supplied with white, 
steam-milled rice was the new jail, with the result alrcady recorded. 
Doctor Hays tells me that it was the prisoners themselves who suggested 
a return to hand-milled rice, which they had always been accustomed to 
eat. The change having been made, beriberi died down and has since 
then given practically no trouble, as the prison authorities have con- 
tinued to supply this form of rice, which is actually prepared in the jail 
by convict labor. 

During the nineties, attracted by the immense profits which were being 
made by owners of steam rice mills, many mills were erected, and soon 
large quantities of white rice were thrown upon the local market. Two 
factors played into the hands of the rice millers. The first was the 
abolition of slavery in Siam. Hitherto, the preparation of the household 
rice was carried on by slave lahor, but on the abolition of this practice 
the price of labor naturally went up. The second factor is a natural 
corollary of the former, for steam-milled rice could be produced at a much 
cheaper rate than that manufactured by paid hand labor. By the year 
1900 most of the old hand mills had stopped working, and on a diet 
of steam-milled rice the people began to suffer from beriberi; опт first 
cases being admitted into the hospital during this year. 

2. A second fact in support of the white rice theory is the history 
of our experience in the asylum for the insane. In the ycar 1900 
steam-milled rice was substituted for hand-milled, and beriberi soon 
appeared. ‘During nine years dieting upon this rice the disease steadily 
increased in virulence and, in all, 763 patients died of the disease. Early 
in February, 1908, I determined to try the effects of parboiled rice. 
Hand mills and all the other apparatus necessary for the purpose were 
installed in ihe asylum. We purchased our own paddy, parboiled it, 
milled it by hand and issued it for the first time on February 15. 

Since then not a new case of beriberi has developed amongst those 
patients who have continued to eat this form of rice, and it is now а 
year since it was first issued. Мо other alteration in diet or іп hygienic 
surroundings was made in the asylum. 
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3. Still another fact in favor of the same theory comes from the 
Reformatory School at Koh Si Chang in the Gulf of Siam. 1 can not 
do better than to quote a note upon this subject forwarded to me by Mr. 
E. St. 7. Lawson, the commissioner of police under whose charge the 
veformatory is placed. The "station" mentioned is the police station on 
the island. Mr. Lawson writes: 

The reformatory was started on March 5, 1908. There were по cases of 
beriberi either amongst the: police or in the reformatory until I sent steam- 
milled rice from Bangkok. I did this because the men complained of the high 
price of rice on the island and asked me to buy and send to them. In the middle 
of February, 1909, T started sending hand-ground rice for the station and school 
use, and changed this to parboiled rice in April. There has not been a single 
ease of beriberi, either in the reformatory or station since the change from 
steam-milled rice. 

То supplement Mr. Lawson's remarks, I may say that there was no 
medical man on the island, that only serious cases were sent up to Bang- 
kok, that 5 of these, out of a total of 50 boys, were admitted to the hospiatl 
between November,s1908, and ihe middle of February, 1909, and that I 
can not state how many mild cases there may have been. 

However, a change of rice from steam-milled to hand-milled and then 
to parboiled rice, as soon as we could supply it from the asylum, pre- 
vented any further cases. 

4, The jails in the outlying districts of Bangkok afford us a further 
proof. In four of these jails, fresh, hand-milled rice is supplied to the 
prisoners, and in these beriberi is a distinct rarity. However, in two 
of these jails, steam-milled rice is supplied and beriberi is frequent. 
Unfortunately, T have not yet obtained details with regard io prisoners 
either admitted suffering from beriberi, or developing the disease in 
these jails, or as to the daily average number of prisoners under observa- 
tion, but the rough figures for the ycar 1908-9 are as follows: Four 
jails on hand-milled rice give 5 cases and no deaths; 2 jails on steam- 
milled rice give 20 cases and 8 deaths. 

5. From an administrative point of view, my most striking experience 
was gained at the Police School in Bangkok. Conscription for the 
Bangkok police having come into force, some 400 conscripts were admit- 
ted to the Police School early in January, 1909. The rice was white, 
steam-milled, and was supplied by a contractor. 1t was frequently in- 
spected along with the other articles of food, and on all occasions appeared 
to be of good quality. However, within a fortnight after commencing to 
ent this rice, beriberi broke out and at the end of a month 353 out of a 
total of 400 conscripts had contracted the disease. Practically all these 
men had come from the couniry districts outside of Bangkok and most 
of them had been aceustomed to eat only fresh, hand-milled rice. 

All the sick men were sent home on a month’s leave, at the end of 
which time very many returned well, many were much improved, while 
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a few were still far from well. ` Оп April 31 a second batch of conscripts 
was admitted, munbering again about 400. By this time, hand mills 
had been erected at the school and apparatus for the preparation of 
parboiled rice installed. The healthy were given fresh, hand-milled 
rice, the sufferers from beriberi parboiled rice, Since then, nearly a 
year ago, over a thousand шеп һауе passed through the school and only 
a few cases (14 in all) have been detected; and it is more than probable 
that in the latter instances the men came in already suffering from beri- 
beri. The police prisoners have been fed entirely on parboiled rice and 
throughout the past year not one case has developed. 

6. Тһе last evidence which I shall bring forward in support of the 
white, steam-milled rice theory is the apparent geographical distribution 
of the disease in Siam. 

In the Province of Bangkok, some 1,700 square miles in extent, we 
find that beriberi clings to the banks of the Menam River and to the 
banks of the large, navigable canals which join this river with the adja- 
cent streams throughout the flat, alluvial plains in the neighborhood of 
the capital. Why is this? Because the river and these canals are the 
principal means of transport, and along these steam-milled rice from 
Bangkok is freely hawked. Back from the banks, where communication 
is difficult, we find that the cultivators mill their own vice and by so 
doing invariably escape beriberi. Further, amongst a total of 4,550 
gendarmes scattered throughout the interior of Siam and fed entirely 
upon hand-milled rice only 6 cases of the disease were reported during 
the year 1908 to 1909. These 6 cases all occurred in one district, 
Nakorn Sawan, which stretches on both sides of the River Menam and 
to which steam-milled rice can gain easy access by boat. 

То sum up these facis with regard to etiology: In Siam, as elsewhere 
in the East, the consumption of white, steam-milled rice would appear 
to be the principal factor, and the substitution of parboiled rice or of 
fresh, hand-milled rice is, so far as we know at preseut, the best prae- 
tical method of preventing the disease. 

Where there is difficulty in getting either of these forms of rice already 
prepared, see that good paddy is obtained and that it is milled fresh by 
hand every day. This is especially an important point in connection 
with coolies engaged on large engineering works, such as railways. In 
place of transporting white, steam-milled rice [о the coolics, sec that 
the food contractors either purchase paddy locally or transport it to 
the coolie lines, where native hand-mills should be erected and the paddy 
milled daily by hand. In large cities, where either parboiled rice or 
hand-willed rice is uot obtainable in large quantities, try to induce 
steam rice-millers to prepare undermilled rice for local consumption. 

White rice is the result of “overscouring,” as the millers say, but I 
am told that rice similar to hand-milled can be supplied just as easily, 
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provided there is a demand for it. What is the essential difference 
between these various forms of rice? They may be divided into two 
classes, “overmilled” and “undormilled,” the distinction being based 
upon the presence or absence of the pericarp. 

White, steam-milled rice is so “overscoured” that none of the pericarp 
remains. It is overmilled. On the other hand, we find that hand- 
milled, parboiled, and machine-made “undermilled” rice all retain a con- 
siderable proportion of the pericarp, which gives a reddish tinge to 
these forms of rice in bulk. All three may be classed together as 
"undermilled.? 

‘Che whole idea of prevention, then, would seem to be that rice, how- : 
ever milled, which retains a considerable proportion of the регісагр, 
does not cause beriberi, but that the removal of the outer layers of the 
grain by reason of the scouring process, either takes away a prophylactic 
agent, or renders the grain liable to deterioration and the consequent 
production of some active poison. 


POSTSCRIPTUM. 


Since writing these notes, prepared in hasie on the eve of my depar- 
іше for Manila, two important events, bearing upon my subject, have 
occurred. One of these was the receipt, while still in Bangkok, of the . 
latest report by Doctors Fraser and Stanton on “The Etiology of Beri- 
beri? On my voyage here to Manila I have carefully studied this very 
valuable contribution to the literature on beriberi, and, naturally, it is 
a matter of considerable satisfaction to me to find that the conclusions 
of these two able investigators so absolutely corroborate the results of 
our work in Siam. As they remark, “the root of the evil lies in the 
milling process itself; the polishing of white rice removes from the seed 
some substance or substances essential to the maintenance of the normal 
nutrition of nerve tissues.” The deductions of Doctors Fraser and 
Stanton are the result of carefully conducted scientific experiments, 
assisted by chemical analyses; my experiments were practical adminis- 
trative acts, forced upon me by local circumstances, but guided by ob- 
servation of local conditions. "The Siamese in the public services declined 
to ent parboiled rice owing to its stale, musty flavor. A substitute had 
to be provided in place of white rice, and this was found in the hand- 
milled grain. 

With regard to parboiled rice, which is now so largely used in public 
institulions in the Straits Settlements and Federated Malay States, 
one point is, to my mind, clearly proved by Fraser and Stanton, namely, 
that its prophylactic powers are not due to any sterilization during the 
process of parboiling, but 10 the retention of a considerable proportion of 
the oil-bearing layers of the seed. This prophylactic property will ђе 
found to be distinetly more powerful if the parboiled paddy has been 
milled by hand. 
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As I am now treating of the practical prevention of beriberi, and 
as time docs not permit me to deal with any more of the many interesting 
facts brought forward by Fraser and Stanton, I shall only refer to one 
more point, namely, the suggestion that rice polishings be added to the 
diet of those using while rice. 

Scientifically, this is a natural deduction from their experiments, 
but surely Fraser and Stanton must see that their advice is not practical. 
With people living in close proximity to mills in which white rice is 
prepared, it might he possible to obtain a supply of these polishings, 
but even then, in the case of the ordinary native, how can we expect 
that they will be able to gauge the proportion of the polishings required 
to make up for the deficiency in the white rice? Further, if the con- 
sumer lives in a country where rice is imported, I fear that the supply 
of these polishings would be a matter of difficulty. I would go even 
further and say that unless véry carefully prepared, rice polishings would 
not be quite an ideal addition to a dietary, containing as they do much 
mineral débris from the grinders, dust, filth, ete. Хо; во far as I can 
see, the only practical method is to encourage the consumption of under- 
milled rice. How far legislation might be invoked in this question is 
too large a subject to be taken up now. 

А second important fact learned on my arrival in Manila, is the 
abandonment by the American Army of the use of imported white rice 
and the substitution of locally grown and locally milled paddy. 

Therefore, it would appear that we all have come to similar conclusions. 

Та. conclusion, I would draw your attention to the name “Siam rice,” 
so often used in writings upon the etiology of beriberi. This is a trade 
name, and amongst Siam rice we find grain from many of the other 
neighboring riec-growing countries. It is polished white rice of a certain 
quality which is inferred by this trade name. Naturally, as delegate 
from Siam, I am glad not only to have the opportunity of protesting 
against this use of the term in describing the cause of beriberi, but I 
believe that I have satisfactorily demonstrated the fact that Siam rice 
can be shorn of its dangers as a staple article of food through the simple 
process of “undermilling.” 
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PHOSPHORUS STARVATION WITI! SPECIAL REFERENCE 
TO BERIBERI: 12 


By Hans Авох. 
(From the Physiological Laboratory, Philippine Medical School.) 


It has been argued for a long time that there is a close connection 
between the food supply and the occurrence of certain diseases appearing 
in a more or legs epidemic form, such as scurvy, beriberi and pellagra. 
Beriberi, as it appears in the Orient, has been the subject of especially 
careful studies, and the information which we have received as а result 
of these investigations allows us to make certain definite statements. 

In spite of the claims of various investigators who have described a 
number of so-called beriberi organisms which all, more or Jess, have been 
proved not to be the specific cause of the disease, we can to-day regard 
it as proved that beriberi is nol an infectious disease. Of course certain 
conditions of a general insanitary character, such as living in small, badly 
ventilated rooms, together with humidity and uncleanliness as well as the 
influence of tropical climate and other factors of environment, doubtless 
have some bearing upon the outbreak or occurrence of beriberi. How- 
ever, the great successes which are recorded in limiting this disease 
by changes in diet prove beyond any doubt, when taken in connection 
with careful experimental investigations with different diets on people 
otherwise living under more or less similar sanitary conditions, that we 
must regard the diet as the main factor in causing beriberi. 

Tt has been known for a long time іп the tropical Orient that people 
living almost wholly or entirely on rice are more liable io contract the 
disease than are others, Eykman > has already proved that it is not rice 
in general which must be regarded as the cause of beriberi, but that certain 
kinds of rice, or, better, rice prepared іп а certain way, are most liable to 
produce the disease. These observations, especially in late years, have 


+ Read at the first biennial meeting of the Fax Eastern Association of Tropical 
Medicine, at Manila, March 11, 1910. 
+ Die Bekümpfung der Beriberi, Virehow’s Arch. (1897), 149, 187-194; Ref. 
Maty’s Jahresb. d. Tierchemie (1897), 27, 702. 
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been о тћотоца у confirmed by a number of authors? АП observers 
further agree on this point, that the same kind of rice which causes 
beriberi, if the diet of the people is based almost entirely on this foodstuff, 
is eaten without any ill effects if a sufficient amount of other things such 
as fresh meat, fresh vegetables, and especially certain kinds of beans are 
taken with if. An ample supply of fresh meat or of the beans, accom- 
panied hy a restriction of Ше quantity of rice consumed, or with a total 
change of diet, has always proved the best cure for beriberi The most 
striking fact in all these observations is the greal influence which the 
preparation of the rice has in its relation to the etiology of beriberi. I 
will, in order to give a clearer understanding of this phase of the question, 
give a short description of the preparation of rice for consumption. 


At first the vice husk must Фе remoyed from the grain (in Spanish and native 
dialect, palay). This husk (ipa) is never eaten. ‘The grain (рілаов) as it now 
appears when the husk is broken and thrown away is surrounded by a second, 
thinner skin of a more or Jess red or brownish color, which does not render the 
appearance of the rice very appetizing, This second skin can also be cleaned off 
8 of milling between rotating stones which removes it, together with 
the outside layer of the rice grain; and after this process of milling or polishing, 
the grain is white and clean and new has the form whieh the European usually 
knows as rice. The first rice, whieh still contains the second skin (the Silber- 
häutehen of the German writers) is that which usually does not cause beriberi; 
while the grain which is deprived of this skin by the process of polishing must 
be regurded as quite liable to produce the disease. ‘There are different degrees 
of polishing. for we find on the market riee which is only slightly polished and 
grain which has been very highly treated. There are, in addition, certain pro- 
cesses, usually practiced in India and elsewhere (“parboiling”) which seem to 
prevent the Chorough removal of the outer parts of the riee, but I am unable 
to judge of them, since they are not in use in these Islands. The native rico 
prepared by hand is pounded in и large mortar (Tagalog, {190.9}, and even if 
milled hy а hand mili is never deprived of its outer layers to as great an extent 
as that milled by large machinery. 


Before the exact origin and method of preparing rice capable of cansing 
beriberi was known, if was termed “uncured ," while that which did not 
produce the disease was called “cared” rice. However, while these names 
are very extensively used, I scarcely think that they convey the right idea. 


Sdveh. f. Hyg. 11906), 58, 150-170; Fletcher, William. Zhe Lancet, London 
(1807). 1, 1776; Idem, Journ. Trop. Med. & Hyg. (1909), 12, 127-133; Braddon, 
W. L. The Cause and Prevention of Beriheri. London, 1907. ldem. Bombay 
Med. Congr. (1908). Fraser, H., and Stanton, A. T. Bombay Med. Congr. 
(1909) ; An Inquiry Concerning the Etiology of Beriberi. Afudies from the Inst. 
for Мед. Research. Кина Lampur (1909). 

‘Walter, Е. H. Geneesk. Tyds. v. Ned, Ind. (1908), 48. Hulshoff-Pol, Е. 
(емек. Руфь. е. Хед, Ind. (1909), 49, (Arch. f. Schiffs-u. Trop-Hyg. (1900), 
); Kiewit de Jonge, ibid. 
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1 will, therefore, in conformity with Fletcher, designate the first rice 
as “unpolished” and the second as “polished,” or apply the focal name: 
“red” and “white” rice. The unpolished or red rice should be harmle: 
and we must regard the second process of polishing and inilling as that 
which changes a harmless foodstuff to one harmful wnder certain cir- 
eumstances. ; 

This does not mean that the cating of “white” rice under all circum- 
stances causes beriberi. In the first place, it is absolutely necessary 
that the grain. should form: the nain constituent of the diet, and as 
the amount of other foodstuffs eaten is smaller in proportion to the 
quantity of rice consumed, the incidence of the disease under such eir- 
cumstances is doubtless greater than it would be were a larger amount 
of other foodstuffs eaten. Furthermore, according to certain authors 
it seems that white rice stored for a long timo, especially in humid rooms 
and similar ‘places, favors the development of the disease more than the 
freshly pounded grain, but we must not forget that the latter is almost 
always prepared by the natives Әу hand and hence ік not so highly 
polished an article as that kept in storage, which is prepared by machinery. 


Eykman, iu the course of his investigations on beriberi has shown that chickens 
fed only on white rice develop a disease which in several respects is similar to 
beriberi. The most prominent symptoms are a paralysis of the legs and wings 
and an juereasing weakness of the animal. which, if no steps are taken to 
prevent the further advance of the disease, finally dies. The pathologie examina- 
tion shows а. degeneration of the peripheral nerves, so that the condition has been 
termed Polyneuritis gallinarum. 16 is very interesting to note from our own 
standpoint that the same changes in diet, which either avoid or елге beriberi act 
іп ax absolutely similar manner upon the fowl. 

The disease is only contracted if the fowls are fed on white riec. Those ied 
on the red grain will suffer very rarely, if at ай. Ад addition of beans or fresh 
meat to the diet cures the chickens while in the early stages of the disease. 
Finally, u fowl fed on a sufficiency of beans and white rice or enough meat and 
white rice will not become ill at all. These experiments have been repeated by 
Grijns? Maurer,’ Holst and Fréhlich* and also recently by Schaumann.° and the 
observations of Eykman have been fully confirmed, These authors have shown 
that а similar disease can also be produced im pigeons, In another interesting 
series of experiments Eykman, Grijus and Axel Holst have further proved that 
not only white.rice, but also certain other foods are liable to produce polynewritis 
in chickens and pigeons, und that, especially, long sterilization at a high tem- 
perature of certain foodstuffs (such as horse ment) which are absolutely 


5 Virchows Árchir. (1897), 148, 523-5425 Ағеһ. Hyg. 58, 120-178. 

t Geneesk. Tyds. с. Ned. Ind. (1908), 48; (1907) 49. 

7 Arch, f. Schiffs-u. Trop.-Hyg. (1908), 13, 233-232, 284-297. 

* Norsk, Мадаз. f. Lagevidenskab. 68. ( Biochem. Centraló. (1907), 6, No, 1225; 
ibid, No. 2478. 

* Arch. f. Мелки. Trop.-Hyg. Beiheft V. (1908). 12, 37. 
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harmless otherwise seems to favor the development of a polyneuritie disease. 
liolst and Fröhlich” were also able to demonstrate that guinea pigs fed on 
certain one-sided diets, consisting of various kinds of grain, groats, or bread, 
develop a disease in many respects similar to scurvy. 


DIFFERENCES IN COMPOSITION BETWEEN VARIOUS KINDS OF RICE AND 
| THEIR RELATION TO BERIBERI, 


Why does the one variety of rice cause such severe sickness, whereas 
the other is eaten without any ill effects, and why does the identical, 
harmful rice not produce the disease if eaten in smaller quantities together 
with a sufficient amount of certain other foodstuffs 2 

This question aroused my interest in the study of this disease from 
the point of view of the physiology of nutrition. We know that fatal 
diseases can be cansed by "spoiled" or bad foods, but these intoxications 
are brought about by certain poisonous substances formed in the food 
itself. We know further that certain artificially prepared articles of diet 
are unable to sustain life, but up to the present we have scarcely known 
any disease which is caused by an apparently normal foodstuff. 

Numerous theories to explain the aclion of different classes of rice 
exist. In the first instance, a number of authors believe that certain 
fungi will grow better on the white rice than on the red, because the 
latter is protected by the pericarp, the introduction of these organisms, 
fungi, ete., being the real cause of the disease and the rice only an 
indirect factor. Others, and especially Eykman, regard the white rice as 
“poisonous,” the antidote for all this unknown poison being present in 
the rice bran as well as in other antiberiberica. Maurer believed beri- 
beri to be produced by the formation of oxalic acid from carbohydrates 
by a process of fermentation. These hypotheses directly contradict the 
exact results of experiment. 

From а physiologic standpoint, the most probable explanation would 
be the assumption that by the preparation (milling the rice, sterilizing 
the food, ete.) certain constituents of importance are taken away, decom- 
posed, or, at least changed so that they now no longer serve their purposes. 

Eykman already has considered the subject of the chemical con- 
stituents taken away by the process of grinding and which therefore may 
be lacking in the white rice. If we compare the composition of polished 
and unpolished rice, we see that the grain by the process of milling 
becomes poorer especially in ash constituents, fat and cellulose, and also 
somewhat іп protein, 


? Journ. Hyg. (1907), 7, 619-672. 


PHOSPHORUS STARVATION: 1. 85 


Balland? has shown this very plainly by a number of analyses which are given 
in the the following table: 


Analyses of hand hysked, machine husked, ground and polished rice. 


{ ‚ Nitrog- i 
Kind of rice. ; Water, | 97098 | Pats, .CAtDOMY: Celulose, Ash. | 
| і tance. | і I 
UA P 25. | ТЕН Шы | 
Husked by hand _... + 11.00 | 9,05 | 2.80 61.98 1 ка» | 1.10 
| Husked by machine ~. | 18001 782; 0.60] 7574! — 0.28! 0% 
| Husked and ground | 290. 782! 040} 180 024 | вл 
Husked. ground and polished. ——i 33.30 | 7.65 | 9.30 78.18 0.21 | 0.36 
a | | | 


"The main ‘constituents of the ash are the phosphates (53.7 per cent P,0,). 


Therefore Eykman has studied the question as to the extent to which this dep- : 


rivation of phosphorus may eause the harmful action of white rice, but he 
could not find sufficient evidence to reach a definite conclusion, Two years ago 
Schawnann™ endeavored to show that the disease termed “scurvy of sailing 
vessels," is caused by a lack of пџсјеорћозрћогје acid. which is extracted or 
destroyed by certain sterilization processes, and he argued that a similar lack of 
organic phosphorus (nucleoproteins) in the food, especially in the white rice, may 
produce beriberi. 


It can easily be believed that a constant lack of phosphorus in the 
food may bring about a degeneration of exactly those tissues which 
are rich in phosphorus, namely, of the nerves. I took up the ques- 
tion myself at this point, directing my investigatione especially toward 
the question of the influence of the phosphorus. Meanwhile, there has 
appeared a second publication by Schaumann,’ continuing his researches, 
especially with experiments on animals, and quite recently, in a short 
peper Fraser** and Stanton stated that the phosphorus content of 
a rice is an indicator of its capability of producing beriberi. 

The variations in the content of phosphorus are the most striking 
changes produced by the process of milling, as the following analyses 
of different classes of Philippine rice, made by me, will show: 


i Variety of rice. 


| Protein. | 


Per cent. | Per cent. | 
Laguna rice, unpolished 0.557 | Jd 


Laguna rice, polished . 0.814 87 
“Macan,” Bulacan Province, machinery | 0.340 i... 
“Масап,” Bulacan Provinec, native made, freshly hüske: | 


“Valenciana” rice, highly polished. 
Average Manila rice __. 


c 


= Dompt. rend. Acad. sci, (1895), 121, 561-566. 

12 Loe. cit. Arch. f. Schis-u. Тгор.-Пуд: Beiheft. (1908), 12, 37. 

ч Arch f. Schiffs-u. Trop.-Hyg. Beiheft. (1909), 13, 82-90. 

за The Etiology of Beriberi. Studies from the Institute for Medical Research, 
F. M. S. Kalua Lampur (1910). 
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Г have further obtained a very striking: proof of the fact that the 
rive with а low content of phosphorus will actually cause beriberi, 
whereas that with a considerably higher content will not, by the study 
of an ош теак of beriberi on an English steamer which came to this 
port. Through the courlesy of the captain of this ship I obtained the 
lollowiug data: 


The Indian erew of the steamship Knight Templar, used rice almost entirely 
for food, because the religious laws of this people do not allow them to eat 
meat except that killed in a special way. For this reason, in addition to vice, 
only small amounts of mutton eoukl be given to the erew not ottener than once 
а week. The identical erew had often before sailed on this vessel, and the 
captain, because of his own previous experience, wished to obtain a certain 
Кімі of Indian rice, which he always purchased at Calentta und which he knew 
would in all probability uot слике beriberi. This | will term “Calcutta” rice. 
Ji appears to be а grain whieh retains a great deal of the pericarp; it therefore 
is unpolished. The vessel on this particular voyage sailed from Bombay June 5, 
1909. Another variety of rice was purchased in Bombay, whieh I will desi 
ая “Bombay” vice. Tt was used ак food for the crew and they showed no untoward 
symptoms. 

The supply of rice taken from Bombay was exhausted when the vessel reached 
Liverpool, therefore a fresh supply was purchased. Unpolished rice, in spile of 
great endeavor. could not be purchased in Liverpool; the grain bought in the 
latter port. (^Liverpool" rice) was of good appearance, white and highly polished. 
This was given to the crew, beginning about July 25, 1909, under the same con- 
ditions and in all likelihood in the same quantity as the “Bombay” rice on the 
voyage hefore. 


On September 25 a member of the crew beenme ill and unable to 
work, bul the sickness was not recognized by the captain; but when ou 
October 1 and 2 a man on each day felt weak and could neither walk 
nor work, the captain then recognized ihe disease ая, beriberi. On Oc- 
tober 16 the ship arrived at the port of Cavite (in Manila Bay). Here, 
upon the advice of the boarding officer, the two sick sailors were 
admitted to the United States Naval Hospital at Саћасао, After Octo- 
‘ber 18 the disease increased so rapidly among the crew that 10 addi- 
tional men were removed to the hospital on October 25, Here, throngh 
the courtesy of Dr. E; R. Stitt, United States Navy, Г was able to 
examine the patients and to confirm the diagnosis of beriberi, One man 
in Ше hospital died (probably from paralysis of the diaphragm), but 
an autopsy was refused hy the patient's friends, 

The М men in ihe hospital were no longer given rice, Imt only 
European food, such as milk. eggs, meat. ete. They showed considerable 
improvement in à short time. “Bombay” rice and also Philippine red 
rice was fed to the remaining healthy crew, and only one light casc of 
beriberi developed afterwards. The ship sailed on November 5 with-the 
хате crew, the latter having recovered to an astonishing degree in the 
short time which had elapsed alter changing the food. 


PHOSPHORUS STARVATION: I. 87 


I have analyzed both varieties of the rice, samples of which I obtained 
from the captain, and also samples of his former “Calcutta” rice. The 
differences in the phosphorus content are exccedingly striking; slight 
variations in the nitrogen content are also to be noted. The following 
is the table of analyses: 


Analyses of "Calcutta," “Bombay,” and “Liverpool” rice. 


Rice | | Рад. | 


Protein.) Water, | 


Per сет. | Per сета. | Per cent. 


“Calcutta” 0.446 | 7.75] 11.6 | 
“Bombay” 0.408! 7.94] 11,97 
0.148 | 6.69 


| “Liverpool” 11.67: 


Another occasion to study the connection between food and beriberi 
arose owing to an outbreak of the disease among the lepers at Culion. 
Here a careful, exact investigation of the data, such as was made in 
relation to the ship’s crew, was inipossible, because the people, or at 
least а part of the people at the leper colony, obtain their own food- 
stuffs, growing a little rice and catching a few fish, etc, but from the 
list of foodstuffs which 1 have given below, it will be seen that in Culion 
also, rice was the main constituent of the food, Beriberi, to a slight 
extent, practically was present at all times among the inmates of the 
colony. Im November, 1909, the number of beriberi cases increased 
rapidly, with a still greater rise іп December, 1909, and the first part 
of January, 1910. The following is the dietary: 


Foodstuffs given at Culion per individual per day, in grams. 


Таз Үл — 
Н 
Pes [m Гола orem Deor (ЕЕ 


sess ae 
кісе, about. 700 700 700 | 7% 
Mongoe. | 3! % % | » || 

: 40; 301 35 

26: 30 
7 7 р 
17 % 16 


* A bean grown in the Philippines. 


List of speciat foodstuffs issucd on the average per indiridual per day, in grams. 


Dried fish. š 78 
‘Tinned salmon 10 
Onions 125 to 130 
Sugar i 5 to 10 
Macaroni 1.5 to 2 
Chocolate 5 
Condensed milk (enbie centimeters.) 5 
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Incidence of beriberi at Culion in 1909-10, 


In hospital. 


Month ті Deaths. |. ош | Total |—— — pito 
Month, x popula- ths. |» from i 
| Pon: beriberi, | 9322067, |4 amitted Dismissed 


sick. cured. | 


October 


Noyenther „761 

December .... 1,307 
1910. 

Jaunary 1,625 

February 1,600 


eee LN | 


* These cases were examined on February 7 and 8, 1910, оп an inspection trip to Culion. 


The rice was changed. jn the beginning of January and at the same 
time the supply of the “mongo” 35 bean was increased. 

While a sufficiency of data are not at hand to prove the cause of the 
outbreak, yet the great reduction in the number of cases after increasing 
the ratio of mongo, which is rich in phosphorus and protein, is striking. 

At the suggestion of the writer, Dr. Victor G. Heiser, Director of 
Health for the Philippine Islands, in February, 1910, gave the order that 
only unpolished rice (pinaoa) should be supplied to the lepers in Culion. 
Beriberi disappeared among the lepers in April, 1910, and has not made 
its reappearance. 


THE PHOSPHORUS CONTENT OF POLISHED AND UNPOLISIIED RICE IN 
RELATION TO BERIBERI. 


The next question to be considered is: Are these variations іп the 
content of phosphorus as observed in the different kinds of rice sufficient 
to explain the difference in the action of polished and unpolished rice 
as foodstuffs capable or uot of causing beriberi as well ав polyneuritis 
gallinarum ? 


= Hongo ia a small bean, Phaseolus radiatus Linn. (P. mungo Blanco), 
Similar to katjang idjo, of Dutch India.. The native physicians of this archi- 
pelago have proved it to be as valuable as the latter as и popular remedy for 
beriberi, This bean, according to my analysis, contains the following: Protein, 
23.75 рег cent; water, 9.56 per сені; Р.О» 0.77 per cent; fat, 4.5 per cent; crude 
fiber, 6.4 per cent. 

No further samples of the November and December rice were obtainable, bnt that 
used from December 25 until January 12 and after this dute has been analyzed 
and the following per cent of P.O, obtained; rice from December 25 to January 
12, 0.321; rice from January 12, 0.463. 
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From the standpoint of physiological chomistry, the process of milling 
the rice corresponds to that practised with other cereals and, therefore, 
the pericarp, removed by the process of milling, corresponds to what 
we term the bran of wheat or rye. In other words, white rice in com- 
position corresponds somewhat to bread made from fine wheat flour, 
the red rice to that from whole wheat. 


The importance of the bran from wheat and other cereals was formerly not 
very seriously considered, but more recently Jordan, Hart and Patten, Hart and 
Andrews," and others, have shown that an organic substance containing phospho- 
rus and termed "phytin, the calcium-magnesium salt of phytic acid, is found 
therein, Phytie acid, от anhydrooxymethylenediphosphorie acid, was discovered 
by Posternak'* af nstituent of green plants, and several investigators have 
since then demonscrated its wide distribution in the vegetable kingdom. Нагі 
and Andrews" found that practically all the phosphorus contained in vegetable 
foodstuffs is present as salts of phytic acid. This also holds true for rice. 
Suzuki, Yoshimura and Takaishi* proved that 85 per cent of the phosphorus іп 
the bran of the rice is present as phytin. Phosphorus, combined in phytin in 
contradistinetion to that in inorganic compounds, is readily soluble jn water or 
dilute acids and can easily be removed from the bran by processes of washing or 
extraction. This solubility, as the investigations of Hart and his collaborators ^ 
have shown, is of great importance in relation to the behavior of phytic acid 
in metabolism. The phosphorus of phytie acid is readily absorbed, and is there- 
fore a valuable compound in which (о supply phosphorus in a form which can 
readily be assimilated. The effect of so-ealled organic phosphorus on metabolism 
іп general has already been carefully investigated in the сазе of lecithin, and the 
superiority in many respects of organie phosphorus over certain inorganic phos- 
phates seems to be proved, 

The investigations, especially of Patten and Hart,” Mendel and Underhill,” 
Le Clerk and Cook,” proved that the same also holds true for the organic phos- 
pliorus compounds which are found in vegetables, namely, phytic acid and its 
salts. In addition to the readiness with which it is absorbed, phytic acid, ас- 
cording to the experiments of Patten and Hart," is both a diuretic and a laxative, 
and the well-known laxative action of bran is partly produced by its content of 
this substance. On the other hand, these authors demonstrated in their work 
that constipation results if the bran is restricted or if a washed bran, poor in 
phosphorus, is ingested. 

Те hypothesis that lack of phosphorus шау be аһ important factor 
in the etiology of beriberi gains in probability if we consider these facts 
as they have been found to exist in experiments on cattle, dogs and 
rabbits, and compare them with what we know concerning the action of 
different kinds of rice on human һе For instance, our knowledge 

. that the removal of phytin causes constipation fits well with the general 


и Amer, Journ, Physiol. (1906), 16, 209; Auer, Chem. Journ. (1004), 37, 564. 
Y Bull. New York Agric. Нар. Sta. (1903), Мо. 238. 
з Compt. rend. Soc, biol. (1906), 55, 1190. 
. * Bull, Coll. Agric, Tokyo (1907), 7, 493-572. 
> Amer. Journ. Physiol. (1909), 24, 86-103. 
= Amer, Journ, Physiol, (1906), 17, 75-88. 
= Journ. Biol. Chem, (1907), 2, 203. 


i 
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heri patients suffer. from extreme consti- 


observation that many ber 
pation. 

Г have made comparative analyses showing the amount of "soluble" 
phosphorus in polished and unpolished rice and also in rice husk (darac) 
which is left as a result of the polishing process. | 


THE SOLUBILITY OF PO, CONTAINED IN WHITE AND RED RICE, 


One hundred grams rice were extracted for five hours with 1,000 cubic 
centimeters 0.5 per cent hydrochloric acid. White rice gave 0.133 gram soluble 
P.O; or 42.03 per cent of the total Py Red rice gaye 0.330 gram soluble 
or 59.3 per cent of the total P.O. 

One hundred grams rice were extracted for two hours with 1,000 cubic 
centimeters 0.3 per cent hydrohlorie acid. White rice gave 0,079 gram soluble 
P.O, or 25.2 per cent of the total P.O, Red rice gave 0.221 gram soluble 
Р.О, or 39,7 per cent of the total P.O;. 

The following is a graphie yepresentation of these results and shows them 
very риту. 


"White Rice Red висе 


Раба oot зіме in O.5%HC1 


он X80 


Е | РО» soluble in 0.3% не 


Phe solubility of the P.O, in vice husk obtained by polishing (darac). 


Fifty grams husk, containing 8.97 per cent water, were treated for five 
hours with 300 eubie centimeters of the solvents given below: 


t Per cent dissolved by— ñ 


; Cold water. 0.33 | 0. 269. 

| Hot water __ 1.70 i 0.314 
| 0.25 per cent ИСІ cold 166: 03% | 
| 0.5 per cent НСІ cold ~ 2.45 — vip | 
1.25 per cent НСІ cold 2.5 (о, su 
4.28 200 | 


| Total сс. | 
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These analyses strikingly demonstrate not only that the: total amount 
of phosprorus in anpolished rice is considerably higher than in polished, 
hut also that a greater percentage of the total phosphorus in the red 
variety than in tbe white is in a readily soluble condition. Therefore, 
if the same quantity of red as of white vice is eaten, twice the total 
quantity of phosphorus and nearly three times as much of the soluble 
phosphorus compounds will be ingested. (Зее diagram.) 


I next endeavored to ascertain if lack of phosphorus, and especially if 
that in the soluble form, is the cause of the deleterious action of white 
rice. Jf this is correct, then the addition of organic phosphorus (phy- 
tin) to white rice should render the latter harmless. 

I began with experiments on fowls, following the method of Eykman, 
aud convineed myself that chickens fed on white rice contract poly- 
neuritis whereas control birds fed on unhusked and even white rice, 
if the latter is carefully mixed with rice bran (бағас), remain healthy 
for two and a half months, 

It is not my intention to prove to what extent the polyneuritis of 
Eykman and the disease which we term beriberi in man аге related, 
or.even to decide whether or not they are one and the same; but I 
believe these experiments give us а basis of investigation in order to 
ascertain the importance of the lack of certain food constituents (such 
as phosphorus) in producing pathologie changes in the nerves and other 
tissues. š 

In pursuance of this field of observation, Т fed two groups of chick- 
ens; the one on white rice and phytic acid prepared from rice husk; the 
other on white rice alone. The phytic acid was isolated in the following 
way from the bran of white rice which is separated by the process of 
polishing between the rotating stones of the mill: 

Four kilos of this material (native name ағас) were placed іп a small 
barrel and extracted with 6 liters of 0.3 per cent hydrochloric acid for from 
four to six hours, the mixture being stirred from time to time, The extract 
was filtered, sodium acetate added to the filtrate, and the phytic acid precipitated 
as its copper salt by means of copper acetate. The phytate of copper was 
separated, washed with small amounts of water, suspended in this liquid and 
the copper precipitated by hydrogen sulphide, the precipitate separated by 
filtration aud the filtrate evaporated on a steam bath, A brownish, highly 
acid sirup was obtained in thia way. Из reactions, as well as the mamer 
of its preparation, identified it as phytic acid, according to Patten and Hart” 

The free acid was used in the first series of experiments. The rice 
to he fed was either cooked or only mixed with about 10 cubic centimeters 
of a solution of phytic acid which corresponded to 0.2 gram of P,O, 
At first the birds ate this rice very well, but great difficulty in inducing 
them to take enough of the prepared rice arose subsequently. In a 
‘second series of experiments, I therefore endeavored to improve the at- 
tractiveness of the preparation of phytin, at first by adding sugar; but 


' 
92 ARON. 


as this did not inerease its palatability I neutralized the acid by means 
of sodium or potassium hydroxide. But the alkali salts, while they did 
not offer as great an obstacle, were also not atiractive to the birds. 
Finally, 1 prepared calcium phytate by neutralizing а concentrated solu- 
tion of phytic acid in water by means of a concentrated solution of cal- 
cium acetate. The calcium salt of phytic acid is not very soluble in 
water; it is precipitated and filtered. ‘The preparation has but a slight 
taste and the odor of acetic acid. Jn the last two months of the second 
set of experiments, this preparation was fed directly, each fowl receiving 
daily in the morning one gram of the calcium phytate. 

All the birds which I used were young, still growing, and from about 
600 to 1,000 grams in weight. 1 chose young chickens because I believed 
that they would contract the disease at an earlier period than old ones. 
The rice was at first given almost in the dry siate, and later, as a change, 
cooked rice was also prepared, but ihe birds seemed to take even less of 
the latter than of the former. A sufficient quantity of the grain was 
given each day, and сате was taken that some rice was always left over. 
It seems worthy of note that the animals at first instinctively attempted 
to pick out the grains of rice which were not so highly polished, and if a 


“mixture of white and red rice was given, they would select all the 


unhusked grains, leaving the others. My general observation is that 
chickens іп the beginning will take white rice in large amounts, but after 
some time they tire of it and then they do not eat it readily. The course 
of the experiments is given in the following tables: 
EXPERIMENT J.—Fowls fed on white rice and white rice with phytic acid. 
Five (sim) chickens kept in large wooden cages. 
WHITE HÍCE, 


T 
| Month, day, and weight in grams. | Беріп. 
г Mark of fowl. s -- - ; tp] ДЕ, | Death, 
| бері. 13. i Sept. 20. | Sept. 27.! Get. 3, | Oct. 8. | disease. ! 
|АНА B > 5 аи Ex ~ AS барган is | 
575 H 464 431 | 394 | 351 | Oct. 9 | Oct. 14 | 
469 e: 323 i 319 i 305 | Oct. 8 i Oet, 10 
314 | 300| — ms | = | зв | Oct. 12 | Oot. 28 
e WHITE RICE AND PHYTIO ACID. 


Month, day, end weight in grams. | 


1 T | ñ Result. 
et. 8. Oct. В.О. 15. Ось 21. 
| | | 
| 


500 каара Sept. 14. Зи 
36 49! 49| 2 5051. Trensierred to experiment I. 
зі! sm: 288] copa] это | 53 — Ot. 25, died showing symp- 
| | | | | ; toms of paralysis beginning 


Oct. 28. 
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Ехрекімкхт U.a—Fowls fed on white rice, white rice and darac, and white rice 
and phytic acid. 


Eight (nine) chickens kept in а large yard inclosed by а wire fence. 


WHITE RICE. 


i Begin. 
ning of 
disease. 


Mark of fowl. 


Nov. 13 | 
| Nov. 20 | 


WHITE RICE AND DARAC. 


ie 


| Mark of fowl, — | Beginning of disense. 
Healthy until Dev. 31 | 
ро. | 


| Begin- 
. | Mark of jowl. ning of Death. 
> | disease. ! 


| 
Healthy until Рес. 31 


Рес. 23 Dec. 26 
| оу, 1 | Nov. 18 | 


Healthy unti] Dec.31 
-------- [267 


Sumsrary.—Duration of life (days). 


€ (from foregoing experiment) 


| Chickens receiving white ! Chickens receiving white 
| rice only. rice and phytic acid. 
Mark of fowl. | Days. | Mark of fowl. | Days. 


а This experiment was commenced October 12, 1909, and ended December 81, 1909. 

b October 13 to October 25, 10 cubic centimeters of phytic acid solution were given 
daily (0.2 gram Р:0:); October 26 to October 81, the same solution of phytic acid 
neutralized by causlic potash; November 1 to December 30, 1 gram calcium phytate; 
November 7 to November 10, owing to illness of the writer, no phytin was given, 
but white rice only. 


| 


h 
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All chickens fed for some four to five weeks on white rice developed 
the typica} symptoms of polyneuritis?" as they have been described by 
Eykman and other investigato These are very characteristic and 
scarcely need pathologic-anatomic confirmation. "Che weakness of the 
legs and the characteristic gait of the birds are sufficient to confirm 
the diagnosis. 

lt is evident from these experiments that chickens which are given 
white rice alone do not liye much over thirty-five days, whereas the birds 
fed on white rice plus phytic acid live for a considerably longer time. 
One fowl from the first group which received phytic acid. survived for three 
months, being under observation continually, whereas a second bird fed 
on white vice together with phylie acid contracted the disease and died, 
but it did so at a later time than the control chickens fed on white rice 
only. 


In the second set of experiments, I succeeded by the addition of the , 


calcium salt of phytic acid in keeping two chickens alive for nearly three 
months on white rice only. However, one chicken already became ill 
after 3 weeks and died on the 38th day. I can not state the exact reason 
for this result, but T believe it to be true that the bird d id not take enough 
phytin in the beginning of the experiment in which fowls were fed on a 
mixture of rice and phytie acid and at which period they were more or 
less able to sclect those grains of rice which were comparatively not as 
thoroughly mixed with the preparation. | 
We may draw the conclusion that without doubt phytic acid renders 
the effect of a diet of white rice less damaging. I did not have as great 
snceess hy the use of phytie acid as in feeding red rice, or by adding 4ағас 
(rice husk), neither was the protective effect as great as that deseribed 
by Eykman when he gave red rice, or added beans or meat to the diet. 
Schaumann, in his latest communication, which came into my hands 
for the first time after T had finished the experiments described above, 
shows that he was able to protect pigeons from the damaging effect of 
white vice by the addition of veast or wheat bran, These experiments 
increase the number of substances which we already know and which aet 
as a protection against polyneuritis produced by feeding white rice. 
However, all of these other experiments do not prove which constituent of 


“The histologic examination of the perri ischiadici and tibiales of these 
animals and of those described farther on in this paper was kindly under- 
taken hy Dr. Vernon L. Andrews, of the pathological laboratory of the Phil- 
ippine Medical Sehool The scetious showed plainly a number of degenerated 
fibers in ihe nerves, 
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the substances to be added counteract the damaging effect of the white rice. 
1 believe my experiments give sufficient proof a£ present that at least one 


of the main factors in these protective substances must be an organic com-— 


pound of phosphorus, heeause of the fact that the addition of such 
organic phosphorus, as it is present in the rice husk, has a protective 
action against the damaging effect of the white rice itself, I agree with 
the interpretation which Schaumann has given to his own experiments 
and to those of Eykman. , He may be correct in considering that the 
nncleo-protein of yeast is the constituent preventing polyneuritis; but in 
the case of rice it is my belief that the phosphorus compound which has 
heen designated as “phytin” is the active substance. 

Although my experiments seem to be sufficiently positive to warrant a 
continuation along the same line, I have abandoned them at present in 
order to discover if it is not possible to work with animals other than 
chickens, ‘These birds are not very appropriate for exact experimentation, 
and while we can endeavor to produce in them such disedses as poly- 
neuritis, it is very tiresome to carry on close feeding experiments with 
fowls. T have therefore attempted to feed other animals on white vice or 
on а food having а similar composition. | 

Monkeys were fed on white bread made only of wheat flour and water 
and salt, Such a bread, when fresh, contains about 10 per cent of water, 
8 of protein, 52 of carbohydrates, 0.116 of P,O,; or, if we reduce the 
percentages to the same water content as rice, about 10 per cent of protein, 
75 of carbohydrate and 0.155 of Р,О,; Therefore, this bread in its 
Р.О, content corresponds to a very highly polished vice; the protein 
content is slightly higher, that of carbohydrates somewhat lower, but these 
differences are really too small to be of any importance. 

The animals in the beginning took this bread readily. At first I 
gave 75 and then 100 grams per monkey of 2,000 grams; this amount 
being almost entirely eaten up each day, up to the time, when the monkeys 
became very weak. ‘This amount of bread corresponds to 100 calories per 
kilo of body weight. Tt must be remembered that the demand for energy 
in theae animals is very great when we consider their small size, great 
surface and their excessive museular activity. ‘Ihe animals (Масасну 
philippinensis Geoff.) were kept in a large, airy yard, covered on top and 
on one side with wire gauze, thus giving them plenty of air aud more space 
for tree movement and gymnastic exercise than is found in the usual 
cages. Furthermore, the animals were placed at least two in a room so 
that they would not feel iheir imprisonment quite so keenly. In work- 
ing with monkeys this point must not be forgotten. 
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EXPERIMENT JV.—Weight of monkeys fed on bread and water. 


Date. 1. 


February 8... 
February 15. 
February 
February 28 
March 
Mareh 4 


2,9% 155i 185 
1,530: 01,130 


* Died January 18, strong diarrhea, unknown origin. 
“Died February 27, weakness, etc, as described below. 
© Died March 1, weakness, etc., as described below. 

9 Died March 2, weakness, ete., as described below. 

e pied March 26, weakness, ete., ая described helow. 


‘Three animals were selected at first, but one (Number 11) died in the 
beginning of the experiment of a severe diarrhea of unknown origin. 
Two others were taken about two weeks later, The experiment demon- 
strated that bread and water alone are not capable of sustaining monkeys 
in full health for a longer period than from four to six weeks. In spite 
of the fact that the animals ate the equivalent of 80 to 100 calories and 
0.3 gram protein per kilo of body weight, they died in about six weeks, 
with signs of general weakness and emaciation. The muscular weakness 
іп some of the monkeys was very prominent. The animals, which in the 
beginning would run away if approached and if caught would resist their 
captor with considerable muscular force, were now handled without trouble 
and were scarcely able to hold themselves with their hands gripping the 
arm or fingers. Death came at last, the respiration becoming slower and 
slower, and weaker and weaker. At autopsy no pathologic changes 
other than those incident upon emaciation and anaemia were noticed. 
The histologic examination of the nerves has not up to the present 
been undertaken. No experiments on the action of phytin on monkeys 
nourished in the manner outlined above were made. 

Guinea pigs will not eat white rice, either cooked or uncooked, When 
given it they die of starvation in from two to three weeks’ time. 

I atlempted, but with considerable difficulty, to feed adult dogs on 
white rice and lard. A series of experiments on young dogs will be 
described laler, in connection with other work. 

Schaumann,’ in his latesi paper, reports that he was able to produce 
lesions of polyneuritis in dogs, cats, and rats by feeding them horse 
meat which had been heated in a 20 per cent solution of sodium carhonate 
for three hours. However, the full details have not as yet been published. 
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It seems not out of place to mention here some other work which may 
have an important bearing on the question under consideration. 

Quite recently Stepps^ has shown. that mice when fed on а bread made of 
flour and milk, which had been extracted with ether or acetone and so deprived 
of the lipoids, died in a few weeks, while they survived if given the unextracted 
bread or the extracted bread plus the extract. The author eniphasizes the 
absence of fat after this process, but I think that the extraction probably removes 
the organic compounds of phosphorus (lipoids) and the loss of these bodies makes 
the bread unfit for food. The action of food poor in phosphorus on young 
animals has been studied іп the last year by Hart, McCollum and Fuller = 
and by Heubner and Lipschtitz.* In both publications the authors state that 
pathologic lesions of the skeletal system are the main results of the taking of 
food lacking in phosphorus, but, in addition, Teubner and Lipschütz report that 
they have observed nervous symptoms in one of their dogs, and they mention the 
possible connection of ‘this question with beriberi. 


CONCLUSIONS. 


If we summarize our experiments and the observations recorded in 
the literature, we can state as follows: 

1. Certain foodstuffs, especially rice, which are relatively poor in phos- 
phorus (phytin) if they are the main or exclusive article of diet for any 
great length of time, have been shown by various authors to cause beriberi? 

2. The process of polishing removes the outer, layers from the rice; 
these are rich in phosphorus, especially soluble organic compounds of that 
element (phytin). They are,food constituents probably of high physio- 
logie importance. | ‘ 

3. A diet similar to that which is regarded as the probable cause of 
beriberi if exclusively given for any length of time to animals, is not 
sufficient to keep them in normal health. 

e 4. Polyneuritis has been observed in chickens receiving a food similar 

7 to that which is regarded as causing beriberi, namely, white rice; the 

addition of organic phosphorus in the form of phytin or its salts 

considerably, but not entirely, reduces the deleterious effect of a dict 
{white тісе) which can produce polyneuritis in chickens. 


?* Biochem, Zischr. (1009), 22, 452-460. 

25 Amer. Journ, Physiol. (1908), 23, 246-277. 

2 Verhandl. 26 Vers. Gesellsch, f. Kinderheilk. (1909), 149-161. 
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PHOSPHORUS STARVATION WITH SPECIAL REFERENCE 
TO BERIBERI: H 


By Hans Anon and Fery Носвол. 


In order to reach a definite conclusion concerning the questions under 
consideration, it is necessary further to prove that phosphorus starvation 
actually takes place when a man lives qn a diet consisting only of 
polished rice, or on one of similar composition, and that such starvation 
does not take place if unpolished rice is used to the exclusion of the other 
variety. 

The minimum amount of phosphoric anhydride in the daily food 
allowance, according to Tigersiedt," Ehrströhm,”® and Renvall, should 
be about 3.4 grams of P,O, daily for an average man, namely, 0.06 gram 
per kilo of body weight. и 

Коз, if we consider the quantity of phosphorus ° taken in food, the 
main constituent of which is white rice, this amount will appear to be 
exceedingly low as compared with that present in а normal European 
diet.» 

However, if we take the values given by Ehrstróhm and others as, 
normal, then every Filipino living in his aecustomed manner should be 
nearly in a stale of phosphorus starvation; for even a diet of fish and 
rice scarcely furnishes two grams of P,O, daily, which is less than 0.04 
gram per kilo of body weight. 

Other authors * believe the figures given by Tigerstedt and Ehrstréhm 
to be too high and contend that about 0.035 gram Р.О, per kilo body 
weight is sufficient. We quote the following data taken from a publication 


* Handbuch а. Phys. Braunschweig (1008), 1 

*Skand, Arch. f. Physiol. (1903), 14, 91. 

> Та. (1904), 16, 04-138. 

? Deutsches. Arch. f. klin, Med. (1899), 63, 386 492. " 

“Meyer, L. F. Ztschr. f. phys. Chem. (1904), 43,* 1-10; Magnus-Levy, V. 
Noorden Handbuch der Pathologie des Stoffwechsels, Berlin, 2d ed. (1908), 1, 
457. % 
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Әу Овгі these show that a quantity less than 1.5 grams of P,O, daily 
would doubtless be insufficient to fulfill the demands of the body. 


P20, 


| 2:0; in | P40; in 
balance. | 


"m 
$ rine. : frees. 


0.999 


0.677 | —0, 953 
0.988 | 0.828 0.347 
2.039 | 1.050; +0.460 


0,9791 0.5591 -озы | 


вз! 0,468 | —0.112 
0.902 | 0.585! —0. 209 
ови 0.884 : . 0.122 


Hainalainen and Helme -- 


The question as to the minimum amount of phosphorus which is neces- 
_ sary is probably dependent upon conditions very similar to those attend- 

ing the problem of the minimum amount of protein. The variety and 
character of the phosphorus compounds taken and certain other conditions 
inherent in the individuals are probably the determining factors. How- 
ever, it seemed to be necessary to ascertain if the amount of phosphorus 
taken by the Filipino in his typical dict is sufficient in quantity, and 
also how far this amount of phosphorus can be reduced without producing 
a state of phosphorus starvation; and, further, it seemed necessary to 
investigate the bearing qn metabolism of a diet low in phosphorus, 
namely, of polished rice, or a similar one richer in this constituent, 
namely, unpolished rice. ' 

It seemed to us, in undertaking such experiments, very important not 
only to study the phosphorus, but also the nitrogen metabolism, for the 
following reasons: А diet known to cause beriberi, consisting almost 
entirely of rice and deficient in meat, fish, and other substances, is also 
relatively poor in protein, and it furnishes the latter only in the form 
derived from plants. Proteins from plants are not ‘as fully digested as 
those from animals, and, furthermore, as certain quite recent investiga- 
tions ** indicate, vegetable protein has not the same value for the body 
as an equal amount from animals. Finally, metabolism experiments, 
especially those of Le Clerk and Cook,** demonstrate that the addition of 
organic phosphorus increases the retention of nitrogen, an observation 
which is in accordance with statements frequently made ?* regarding the 
close connection between nitrogen and phosphorus metabolism in general. 


? Ztschr. f. klin. Med. (1909), 67, 285-306. 

= Thomas, Carl. Arch. f. Anat. u. Physiol, (1900), 219-302; Michaud, Ztschr. 
f. physiol, Chem, (1909), 59, 405-49). 

м Journ, Biol, Chem. (1907), 2, 203. 

X Tunnieliffe. Arch. int. d. Pharm. и. Ther., 12, 207. 
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METABOLISM ON A DIET POOR IN PHOSPHORUS WITH AND WITHOUT THE 
ADDITION OF THE ORGANIG PHOSPHORUS COMPOUNDS PRESENT 
IN THE RICE BRAN SEPARATED BY POLISHING. 


кұ NORMAL MAN. 

Following out the above considerations we first undertook a series of 
metabolism. experiments ой normal men, in order to determine the intake 
and outgo of phosphorus and nitrogen of Filipinos kept on the usual. 
diet, which is low in phosphorus, with and without addition of organic 
phosphorus in the form of тісе bran (rice polish) and of phytin itself. 
We also, finally, because of the above-mentioned reasons, studied the effects 
of such a dict, with and without the addition of protein. 

For these experiments and for those described later on, we used 
prisoners in Bilibid Prison, who voluntarily submitted themselves to 
the changes in diet. We are very much indebted to Doctor Christensen for 
his kindness in permitting us to use the facilities of Bilibid Hospital 
and Dr. Pineda for his kind help in the observations. The conditions 
there existing for carrying on metabolism experiments are very good, and 
' the persons under observation could be kept without алу trouble under 
lock and key, in a quarantine room with cement floor and wails, furnished 
with only a bed and small table. А chemieal balance and the apparatus 
for collecting urine and fæces were added. 2.2 

Two normal men were used-as subjects for experiment. No, 1 had 
undergone an operation for hernia three wecks before he subjected 
himself to the feeding experiments, but had fully recovered. А com- 
parative study was made with a diet not as rich in phosphorus as is 
usual and with the same diet. to which rice bran from polishing had been 
added. At first we endeavored to feed the man almost entirely on rice, 
allowing, in the first and second periods, sugar, salt, and coffee as the 
only additional foodstuffs. However, he rejected his food several times 
and asked for some fish and other things. Therefore it was necessary 
to interrupt the experiment: at this point and to give a diet of rice, 
bread, sugar, coffee, and fish. Bread in reality is not a typical con- 
stituent of the diet of Filipinos, but we used it because it does not require 
cooking and therefore simplifies the preparation of the experimental 
dict. It must also be noted that the bread was white, made of wheat 
flour and water after the usual manner, and low in phosphorus and 
protein, but rich in carbohydrates. In this respect it is very similar 
to highly polished rice. 

The rice was of the white variety, but only slightly polished; the fish was 
one of the larger native species, half-dried and smoked; the bones were care- 
fully removed and the remainder cut into small slices. These pieces were 


thoroughly mixed, to secure average samples, and 8 portions of 40 grams each 
were weighed out and kept on ice. A sample was at the same time taken for 
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analysis. Sugar 50 respectively 100 grams, rice 300 (250), bread 300. (250), 
and coffee 300 cubic centimeters were freshly weighed or measured each day. The 
riee was all from the same stock and an average sample of it was taken for 
analysis. Samples of the bread weighing 50 to 100 grams were taken every second 
day and preserved in formalin. All the samples were finally dried, weighed again, 
mixed and finely powdered. Coffee secured on several days was mixed and 
also analyzed. The sugar was fairly pure, and no analyses were neceasary. 
The darac or rice husk from the polishing process, which was used in the second 
period, was heated to 100° for twenty-four hours to destroy organisms which 
are always present. Four parts, of 75 grams each, were weighed out and a 
sample was taken at the same time for analysis. In calculating the amount 
of the darac which it was necessary to add, we regarded the bread and rice 
given in total as “white rice;” and corrected for both, by addition of the bran 
to “red rice;” 50 grams of bread and 50 grama of rice being replaced by 75 
grams darac, and, in order to equalize the calories which had been removed from 
the diet, we increased the sugar ration from 50 to 100 grams. The man received 
three meals a day: Breakfast at 7 а. mọ, bread, coffee and sugar; luncheon, 
11.30 a. ш., rice and fish, with salt ad libitum, supper, 5 p. m, bread slightly 
toasted, coffee, sugar. 


The experiment was carried on without difficulty. The unsuccessful 
days of the first and second period were sufficient to train the man 
and his attendants carefully to collect the urine and fæces, and to 
consume completcly the food given; so, for example, he removed all 
remaining particles by licking the plates. 


The urine was placed in a pear-shaped receptacle and then poured into a 
stoppered bottle containing 20 cubic centimeters diluted formalin. Іп later 
experiments the urine wus preserved with thymol, formalin giving a certain 
amount of precipitate which made it difficult thoroughly to mix the urine for 
analysis. Urine was collected every twenty-four hours, from 8 а. m. to 8 a. m., 
the total quantity was mcasured and a known fraction was preserved. In sub- 
sequent experiments the quantity was measured, and, by the addition of water, 
it was diluted to an even umount, such as 1,500 or 2,000 cubic centimeters, so 
as to simplify the preparation of the mixed urine. The fæces were deposited 
in a large museum jar, closed by a glass cover and containing 100 to 150 
cubic centimeters of formalin, a sufficient quantity to deodorize and preserve the 
excreta. Not infrequently more formalin was added on the second or third day, 
so as better to penetrate the scybala with the antiseptic. This method, while 
it does not permit the determination of the total quantity of fresh fæces, proved 
to be very satisfactory under the present conditions, where the laboratory and 
the experimental subject were so great a distance apart. 

The fæces for cach period were marked off by carmine, a method which, except 
in a few instances, gave very satisfdctory limitations. An aliquot portion of the 
urines {one-tenth of the daily amount) from each period was mixed, provided 
the analysis of an individual urine was not demanded for special reasons. 

The total amount of fæces plus water and formalin was determined for cach 
period by weight, and as large a fraction ав possible (one-hal? to two-thirds of 
the total amount) was dried in a weighed porcelain dish, under addition of 
sulphuric acid, on a steam bath, The drying process was finished in a steam- 
heated vacuum-drying apparatus, then the dish with the faces was exposed to 
the air for one day, the quantity of air-dried material determined and then 
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finely ground in а mortar, the powder being kept in a closed bottle, Determina- ` 
tions of total nitrogen (Kjeldahl) and phosphorus (Neumann’s method) were 
performed on all samples of foodstuffs, urines and faces. The somewhat com- 
plicated apparatus described by Neumann was not used for the destruction of 
thé organic material, but a simpler device of my own design was employed.? The 
substance {о be analyzed was placed in a 750 cubic centimeter Jena round flask 
with a long neck, 10 to 15 cubic centimeters of sulphuric and nitric acids were 
added at the beginning, whereas when the digestion approaehed completion, nitrie 
2cid alone was added. у 

The detailed records of the experiments are given at the end of this paper. 

The subject during the first experimental period (IIT) of four days 
received 10.99 grams nitrogen and 1.67 grams phosphorus daily; he 
excreted 10.61 grams nitrogen and 1.66 grams phosphorus per day, so 
that nitrogen and phosphorus equilibrium practically existed, thus de- 
monstrating that the food as given, representing about 1,900 calories 
and containing 70 grams of protéin per day was sufficient to maintain 
а man weighing 52.5 kilos and performing practically no work. The 
intake of phosphorus, 1.67 grams or 0.082 gram of P,O, per kilo of ` 
body weight, was absolutely sufficient. This. amount is doubtless lower 
than the figure obtained as а result of experiments оп Europeans, which 
amount has been regarded almost as the minimum amount of phosphorus 
permissible; but it corresponds approximately to the quantity of phos- 
phorus demanded by dogs per kilo of body weight which, according to 
the experiments of Meyer," is 0.035 gram only. у 

During the second period (IV) the man received very nearly the same 
diet, with the difference that bran from polished rice was added. Пе 
iook 11.49 grams nitrogen per day, of which 9.61 grams were in tlie 
same form, namely, as rice, bread, and fish, as in the foregoing period, 
Whereas 1.88 grams were present in the darac, Тһе quantity of nitro- 
gen taken is slightly higher, but it was necessary to assume that the 
nitrogen compounds in the darac are less digestible than those in the 
other foodstuffs: The quantity of phosphorus (5.46 grams) was more 
than three times ав great as during the first period, but qnly 1.45 gram 
of the phosphorus was present in the same foodstuffs as were employed 
in the first experiment and 4.01 grams were in the darac (rice bran). 

The outgo of nitrogen was 10.92 grams; that of phosphorus, 4.84 
grams; the nitrogen balance was only slightly higher in this experiment 
than іп the first onc, but a retention of more than 0.5 gram phosphorus per 
day took place. The observation is very common that during the 
taking of a dict rich in phosphorus small amounts of the latter are 
retained, . 

The relative distribution. of nitrogen аша phosphorus in the urine 
and fæces was as follows: In the first portion of the experiment 24.06 


2 Папдьцећ der biochemisehen Arbeitsmethoden. Berlin and Wien. (1909), 
1, 388. 2 š Е 
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per. cent of the nitrogen and 31.5 per cent of the phosphorus given 
reappeared in the feces. A 75 per cent absorption of nitrogen cor- 
responds to the average obtained with a diet mors or less of a vegetable 
character. : 

McCay,” in his metabolism experiments on Bengalis, observed that 23.86 to 
25.63 per cent of the nitrogen reappeared in the feces, His subjects were given 
a very similar diet, principally vegetable in nature. 

In the second part, 32.55 per cent of the nitrogen reappeared. in the 
feces. ЈЕ we assume the absorption of nitrogen (and phosphorus) 
present in the mixed food exclusive of the darac to be the same in this 
part of the experiment as in thé preceding, then it follows that 76.7 per 
cent of the nitrogen in the darac was excreted and only 23.3 per cent 
absorbed. According to this calculation also, the conclusion can be 
drawn that only 25 per cent of the phosphorus froin the darac appeared 
in the urine and 75 per cent in the fæces. 

I intentionally do not use the word “absorbed,” because we know that: 
the quantity of phosphorus excreted in the fæces is by no means a 
measure of the amount not absorbed, for a large proportion of the phos- 
phorus is absorbed and reéxcreted into the feces, its distribution between 
fæces and urine depending much more on other factors than on the 
absorbability of the phosphorus. 

Oeri* іш a recent set of experiments hes shown that the proportion of ealeium 
in the food is a factor determining the distribution of phosphorus in the excreta, 
urine or faces. Patten and Hart also, in their experiments on cows fed with 
wheat bran, have found that the phosphorus of the wheat bran is excreted almost 

` entirely in the feces, but at tbe same time they demonstrated that this constituent 
in the faces must previously have been absorbed; it is present in the bran ay 
organic phosphorus, but is transformed into and exereted as inorganic phosphorus. 
As this process can not be performed by the digestive enzymes alone, it is more 
than | sis tha& phosphorus in the form of organie compounds such as phytin is 
absorbed and reéxcreted into the fæces. š 

The next step in our investigation was to institute а comparative 
study of a diet lower than the first both in phosphorus and in nitrogen, 
and further to study the effect of an addition of organie phosphorus in 
the form of phytin to it, This portion of the experiment was also 
conducted as a control to metabolism experiments on а beriberi patient, 
to be described later. For this reason, as well as to learn the effect of a 
higher intake of protein, an addition of egg albumen was made in one 
of the experimental periods (VI). Another prisoner, No. 17794, was 
selected for the purpose. This man previously had suffered from a 
slight panaritium on his foot, but had fully recovered at the time the 
experiment began. He was strong and muscular, and did not spend 
approximately the entire time lying in bed, as did the first subject, but 


7 goi. Мет. Off. Med. Ban. Dept, India, Calcutta (1908), 34, 1-67. 
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eleaned his room and did other things. The experiments on ‘this man 
were divided into three periods, each covering four days. In the first, 
а diet low in phosphorus was given, in the next, egg albumen, and in the 
third, phytin was added. This man, weighing 64 kilos; received 400 
grams of bread, 300 grams of rice, 75 grams of bacon and 100 grams 
of sugar daily, thus giving him 41 calories per kilo of body weight. 
More detailed information concerning the foodstuffs, ete., will be given 
under the Head of the next experiment, which was in part conducted 
simultaneously with this one, Both men were naturally kept in two 
different isolation rooms, 


‘A study of periods V to VII shows that in the first period where the 


man received bread, rice, bacon and sugar only, and took in daily 9,57 
grams of nitrogen and 1.50 grams P,0,, the intake of nitrogen as well as 
thai of P,O, did not cover the needs of the body. The quantities 0.023 
gram P,O, and 0.15 gram nitrogen per kilo of body weight are therefore 
insufficient. The increase of nitrogen in the diet from 9.58 to 11.06 
grams by the addition of egg albumen (period VI ) reduced the loss of 
nitrogen considerably, namely, from 4.67 to 1.98 grams per day. 

The loss of Р.О, at the same time is slightly decreased, as compared 
with the foregoing period. ` While the first man, weighing 52 kilos, with 
11 grams nitrogen per day was exactly in nitrogen equilibrium, the 
other, of 64 kilos weight, with the same intake, lost nearly 2 grams of 
nitrogen. The absolute requirement of both men would therefore amount 
to approximately 0.2 gram of nitrogen per kilo of body weight. 

Finally, during the last period (УП), with the same intake of nitrogen 
as in period V, but а large increase in that of P,0,, brought about by 
the addition of 6 grams of phytin daily, 1.5 grams Р.О, were retained 
daily from the amount given; this retention probably being caused by 
the fact that more than 5 grams of Р,0; had been lost from the body 
during the two foregoing periods (У and VI). 

Special attention is called to the nitrogen metabolism. Whereas the 
intake in, period VII is about the same as in period V, the loss of 
nitrogen from the body is not half so great. This influence of. the 
organic phosphorus upon the nitrogen metabolism is in accordance with 
the gbservations of Mendel and Underhill, Le Clerk and Cook,?* 
Tunicliff ® and others, mentioned above. It shows that nitrogen: metab- 

“olism must not be forgotten while studying that of phosphorus under 
different conditions of nutrition. 

The distribution of nitrogen and Р.О, in the urine and fæces during 
these experiments was as follows: The content of the fæces in nitrogen 
is nearly the same during the three periods, heing about 3.0 to 3.4 grams. 


This amount would accord with nearly 35 per cent of the intake cor-. 


responding to the periods without the addition of protein (V and VII). 
The values would agree fairly well with those found by other authors 
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for a purely vegetable diet.® During period V the output of nitrogen 
in the urine alone is greater than the amount taken in. In all this series 
of experimenis the quantity of phosphorus which appears in the fæces is 
somewhat higher than in the foregoing, but this is scarcely regarded as of 
importance: The fact that in period VII ali the phosphorus from the 
phytin so far as it is again excreted, reappears in the fmces seems to me 
deserving of more attention, the quantity of phosphorus in the urine 
not being increased at all. The explanation given above for this excretion 
of phosphorus through the faces probably also holds good. (See p. 103.) 

Our conclusions, deduced from the above experiments in their relation 
to beriberi, are as follows: 

(1) A diet consisting of bread and rice (both poor in phosphorus), 
some fat (bacon) and sugar, furnishing 40 calories, 0.15 gram N and 
0.025 gram Г.О, per kilo body weight does not cover the demands of the 
body for N and P,0, and therefore leads to М and Р.О, loss from the 
body. Addition of protein reduces the N loss of the body and the loss 
of P,O, slightly. 

(2) The addition of phosphorus in the form of phytin prevents a loss 
of that constituent from the body, and if sufficient of this element is 
added a storage of phosphorus after a period of phosphorus starvation 
takes place. The loss of nitrogen from the body is reduced by the 
addition of phytin, as compared with a corresponding period in which 
phytin is not given. 

(8) X diet consisting of fish, bread, rice, sugar, ete., furnishing 37 
calories, 0.2 gram of nitrogen and 0.032 gram of Р.О, per kilo of body 
‘weight, is sufficient to keep a man in nitrogen and P,O, equilibrium. 

(4) The addition of rice bran has a tendency to produce a slight 
storage of Р,0,; the rice polish in this respect corresponding to phytin. 
The phosphorus, both of rice and of phytin, is excreted almost entirely 
in the fæces. 

METABOLISM EXPERIMENTS ON А BERIBERI PATIENT. 


We next altempted to study the metabolism of a beriberi patient under 
the same conditions. The work so far done in this connection is very 
limited. 

Schaumann,’ in conjunction with his researches, states that the urine in 
eases of beriberi has а very low content of phosphorus, and Durbam ® found the 
metabolism in beriberi to be depressed, the urine having а low content of urea, 
phosphates, еіс, I do not believe that these facts are of very great importance, 
because we know nothing concerning the food taken at thc time and its content 
of phosphorus. ES 

Scheube* also has made а number of analyses of urine in cases of beriberi 
and comes to the conelusion that іп this disease metabolism is lowered. 


3 Yukawa, Genyo, Arch. f. Verd. -Krank, (1908), 15, 477-524, 009-040. 
> Brit. Med. Journ. (1904), 2, 27. 
“ Deutsches Arch. «f klin. Med. (1882), 31, 141, 307. 
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Teruuehi and Saiki," in opposition to Durham, as a result of ап experiment 
on metabolism, state that the destruction of protein is increased during beriberi. 
Finally, Miura, in a recent article on this disease which eame to my notice only 
after this paper had been read before the association, quotes а number of experi- 
ments on metabolism which ће has made on 4 people suffering from a more or 
less acute attack of beriberi It is characteristic that all of his patients were 
undernourished during this time. The calorie intake per day often was not higher 
than 250 to 300 calories, on an average not 1,000. The loss in body weight during 
the short experimental periods was correspondingly high, namely, 55 to 49, 55 
to 46, 46 to 42 kilos, etc. Не concludes: “In acute, severe beriberi the nitrogen 
and P;Os excretion is increased in the urine independently of the quantity of 
urine passed, in subacute beriberi the nitrogen loss is much lower.” His results 
are very much obscured by the fact that his patients were at the same time highly 
undernourished, 


It was our good fortune to encounter one case of typical beriberi in 
Bilibid Prison which we could use for study of metabolism. e disease 
is not at all common among the prisoners in this institution; if the diet 
given to these people and upon which one of us reported * during the 
past year is considered, it is scarcely to be understood how beriberi could 
be present at all among its inmates. Indeed, every case occurring there 
would argue against the theory that beriberi is caused by a diet low in 
phosphorus, unless a reasonable explanation could be produced showing 
that the man suffering from beriberi had not received the ample and 
healthful diet of Bilibid Prison. The case which we encountered, prisoner 
No. 7272, can easily be proved not to have had a ful] diet just before he 
contracted the disease. 


The records show that this man has been in prison from April 30, 1908, up 
to the present time, serving a life sentence, Up to September 25, 1909, his 
: conduct was sufficiently good so that he had suffered only light punishment, such as ` 
“carrying stone.” During this period his full diet was never restricted, but on 
September 25, 1909, he received his first severe punishment, he being condemned 
to ten days on bread and water. 

His second punishment began on October 22, 1909, and from this date up to 
December 22, 1909, he was placed on bread and water for a total of forty-one 
days, and on one day he received two meals, consisting only of bread and water. у 


A summary of these dates and conditions is as follows: From Septem- 
ber 25 to December 22 (a total of eighty-cight days), he was on a dict of 
bread and water during fifty-one and two-thirds days; or, from Octoher 22 
to December 22 (a total of sixty-one days), he was on bread and water for 
forty-one and two-thirds days, 

On December 22 this prisoner was taken to the hospital with typical 
symptoms of beriberi. From this time on he was kept in the hospital 
on a mixed diet and the Filipino assistant, Dr. Pineda, who treated him 
attempted to, induce him to take mongo; however, the prisoner had no 


^ А. med. Gesellsch. Tokyo (1905), 19, No. 6. 
“ Beriberi oder Kakke. Ergeb. d. inn. Med, и. Kinderheills (1910), 4, 280-318. 
“Aron, This Journal, Sec. В (1909), 4, 195. 


PHOSPHORUS STARVATION: II. 107 


taste for this food and therefore, when we first saw him, іп the beginning 
of January, he was practically on a diet of rice, together with a certain 
quantity of fish and meat, milk and bread. "Тһе results of the examina- 
tion are ав follows: 

A Filipino of small stature, 42 kilos in body weight, lying in the bed, unable 
to raise himself or to stand without assistance. If placed on his feet, he collapses 
as soon us support is released. Muscles of the leg and arms very weak, knee 
reflexes absent; dynamometric test of the left hand 30 to 35, right hand 55 to 60. 
The wsthesiometric test shows that the ability to feel, the sense of touch and 
reaction to pricking, as -well as his ability to distinguish two different spots 
simultaneously touched, is reduced to a great extent on the legs, to a less degree 
on the arms and that it is about normal for а Filipino on the forehead. The 
apex beat in the mammary line, fifth intereostal space, right border of heart on 
the right line of sternum. Heart sounds normal, pulse 70. The man is somewhat. 
constipated, but digestion and appetite are otherwise apparently normal Diag- 
nosis: beriberi, г 


On January 6, the man was put in the isolation room which we have 
described, and kept on a diet of rice, together with a quantity of fish. 
He was taught to collect his urine and fæces, to consume his food entirely, 
and the other details of the regimen necessary for experiments on metab- 


olism. ‘The diet to be given in the first set of experiments should һе, 


one which would cause beriberi; in the next period, organic phosphorus 
should be added; then a third period, like the first, should follow. In 
the next period after this, we intended to study the result of an increase 
of the intake of nitrogen alone without increasing the phosphorus, and 
in the last, we desired to employ a diet more or less like that given to the 
first man, and which опе of us has termed a typical Filipino diet, con- 
sisting of rico and fish. It was our further intention to double the two 
most important periods, namely, those with the diet poor and rich in 
phosphorus, во as to have a better control. Seven periods were therefore 
planned, each intended to cover four days, so that twenty-eight days 
would be necessary for the experiment. 


The experiment originally began on January 9, but because of a failure in 
taking the feces, we were compelled again to begin on January 10, so that the 
experiment covered twenty-nine instead of twenty-eight days. The arrangements 
were in all particulars exactly like those described above. -The food used was 
again analyzed in respect to the rice, bacon, and fish; the bread and coffee were 
made in the same way as before and the values obtained in the first series were 
taken. As in the foregoing “normal” perieds, we added bacon to the food of this 
patient so,as to make it as deficient in phosphorus as possible. Three samples of 
bacon were employed: A was somewhat lean, .containing some muscle fiber, 
whereas Ë and С consisted entirely of fat, The number of calories given, when 
reduced to the kilo of body weight (44 calories) was at least identieal with the 
calories given to the first prisoners and therefore the food was quite sufficient to 
sustain a man who was not able to perform any muscular exertion. Phytin was 
added to the food during the two periods when а diet rich in phosphorus was 
administerd, so that we might study the result of the ingestion of this organic 
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phosphorus compound in beriberi. ‘The phytin for this purpose was a commercial 
preparation, kindly delivered to us by the Gesellschaft fiir Chemische Industrie, 
Basel. 

The egg albumen which was given during the period when the protein content 
of the food was increased was prepared by precipitating the whites of 100 eggs 
diluted by water, by means of sodium chloride and acetic acid at boiling tem- 
perature. The egg albumen was filtered, carefully washed and dried in vacuo 
at 60°, It was then finely powdered and the daily quantity cooked with the rice. 
Two preparations, termed egg albumen, I and 11, showed only a very slight dif- 
ference in their content of nitrogen. ‘The. fish used in the last period was canned 
salmon, carefully deprived of bones, the quantity needed for the entire experiment 
being taken at one time, mixed, and then divided: into’ 4 portions of 100 grams 
each; a fifth portion of 100 grams being put aside and preserved with formalin as 
9 sample for analysis. The samples of fish were kept on ice and, together with 
the rice, were cooked fresh each day. The riee, up to the last of January, was 
from the same stock, a white, fairly polished article. This was used up in 
February and the next supply, which is at present being used, shows a considerably 
higher content of phosphorus. This change in the supply of rice was disagreeable, 
but it could not be avoided, * 


During the first two periods, which we term A and В, the man was on 
a diet of bread, rice, bacon and sugar, similar to that given to the normal 
man in period V. He received about 44 calories, 0.18 gram of nitrogen 

` and 0.026 gram P,O, per kilo of body weight. 

‘The result of this diet fully corresponds to that found with the normal 
mam. 1615 another proof that a diet of bread and rice undoubtedly is not 
sufficient to fulfill the demand of the body for nitrogen and phosphorus. 
Therefore, these experiments clearly demonstrate that this same man, 
during the long time when he was kept on white bread before beriberi 
appeared, was constantly losing phosphorus and nitrogen. 

Phytin was added during periods C end D. Despite the highly 
increased addition of phosphorus compounds, and in spite of the fact that 
this man should have a great demand for phosphorus -because of his 
extended phosphorus starvation, he did not, like the normal man, retain 
phosphorus, but continued io lose this constituent, although in smaller 
amount than during the foregoing periods (А and B). The nitrogen 
balance also continued to be negative, almost to the same extent as in the 
foregoing periods. | 

Period E followed, in which а diet deficient in phosphorus again was 
given, During this time the loss in phosphorus in the urine as well as 
in the feces was considerably less than during the corresponding periods 
(A aud В), and therefore the relative lowering of the phosphorus balance 
was somewhat diminished. Possibly the diminution in the loss of 
phosphorus should be regarded as a result of the treatment with phytin. 
А marked reduction in the daily quantity of urine also took place, and 
this fact might also be taken in explanation; but, on the other hand, the 
reduction in the quantity of coffee may have been of influence. 
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The amount of nitrogen was increased during the next period (F) by 
the addition of egg albumen, in quantity so as to contain 8.34 grams 
instead of about 6.5 grams of nitrogen daily, In the normal man, the 
loss in nitrogen was reduced correspondingly by this addition; but in 

` е individual suffering from beriberi, the same quantity of nitrogen 
as before was lost daily. It is still more remarkable that the excess of 
nitrogen did not appear almost entirely in the urine, but a large proper- 
tion was excreted in the feces. Egg albumen, under normal conditions, 
should be absorbed almost to the extent of 98 per cent as was the сазе in 
period VI, but in this instance at least 25 per cent was lost. , 

The addition of 100 grams of fish, in period б, finally increased the 
nitrogen intake to 10.06 grams a day, or 0.25 gram per kilo of hody 
weight. The nitrogen balance now registered only —0.6 gram, which did 
not represent full nitrogen equilibrium, although the shortage was small. 

The phosphorus intake was at the same time increased to 1.91 grams 
per day, or 0.048 gram P,O, per kilo of body weight. While this amount 
of P,O, is far below that given during periods С and D, when phytin 
was added to the diet, the phosphorus balance now showed a daily loss 
of only 0.13 gram P,0,. Therefore, the man was nearly in phosphorus 
equilibrium. While during this period there was less Р,О, taken in, 
there still was a better retention of this element, probably because of the 
fact that, during this period, the loss of nitrogen was very small as 
compared with that in the foregoing periods C and D. It must be 
assumed that the destruction of the materials of the body containing 
nitrogen also brings with it the destruction of those containing phosphorus, 
and that therefore a loss in nitrogen should necessarily also be accom- 
panied by one of phosphorus, regardless of the excess of phosphorus 
which may be taken in. Of course, as experiment VII has shown, we 
may find a favorable retention of phosphorus together with а loss of 
nitrogen, but in this instance the loss in phosphorus had taken place 
during а short period, whereas in the patient suffering with beriberi the 
loss of both nitrogen and phosphorus had continued for many wecks. 

This view is strengthened by certain differences to be observed belween 
cases of beriberi. A patient just beginning to show symptoms of nervous 
disorder and of weakness will often recover if his diet is changed in the 
course of one or two weeks; whereas, on the other hand, in instances 
where the disease has lasted several months, a long period of treatment 
is necessary before improvement sets in. | 

After finishing the metaholism experiment, we kept the patient on 
practically the same diet as he had received in period @ after February 
7, and, in addition, he received 4 grams of phytin daily, in two powders. 
He was maintained in isolation and under close observation. He was 
able to get up without help on or about February 20, toward the middle 
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of March he could stand with assistance, and also walk a few steps and 
now he is still weak, but free from clinical symptoms. Не certainly has 
impreved io a much greater extent than during the entire month 2 
January, when there was practically no change in his condition. The 
dynamomuiric tests give objective data concerning bis muscular and 
general condition. | 

Dynamometric tests. 


Date. | Right. Left. Remarks. 
B $ * —— 


| January 9 . 55: 54 as s 4 
* Jan. to 25, 6 grams o: 

January 17 e0; 35-40 O tin daily, 
January 25 70 50 
January 80 65 45 | 
February вз! 45 | From Feb. 7, 4 grams of + 
Fobruary 1: 35 | ap|  Phytin duily. | 
March 1 +. 51 90 | | 
March 7 т! 55 | | 

i l | 


Те most striking result of these metabolism experiments on a beri- 
beri patient is that at the present stage of the disease he can not utilize 
the addition of phosphorus in phytin (periods C and D) or of protein 
(period F) to ihe same catent as normal man (periods IV, VI, and 
VIT), and that he therefore requires a higher intake of nitrogen and 
phosphorus in similar food to reach nitrogen end phosphorus equilibrium 
(period (+) than does a normal man (period ПТ). 

The results of our extended metabolism experiments under varying 
conditions, without doubt lead to the same conclusions as those of 
the Japanese investigators, namely, that nitrogen destruction in beri- 
beri is increased. ‘The objection that the man may have been under- 
nourished can not be made, as was the case in Miura’s experiment, 
because he took in a higher number of calories.than both of the normal 
men on the same kind of food. 

ТЕ is not our desire to decide from these experiments alone whether 
this higher demand is characteristic of beriberi or not, nor whether 
the greater demand for phosphorus and nitrogen is caused by some other 
reason and therefore predisposes the man to contract the disease, nor 
whether the higher demand is the result of the long phosphorus and 
nitrogen starvation which may have weakened the entire system. 
Further investigations along this line seem to ђе absolutely necessary. 

The last period and the following dietary treatment show that an 
increased intake of phosphorus and nitrogen have a decidedly favorable 
influence on the patient. At the same time his nitrogen and phosphorus 
balance approaches equilibrium, while previously, during ihe time when 
there was no improvement, it was negative. 


Ф 
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Some points worth mentioning still remain. The excretion of Р,0, 
as well as of nitrogen in period E, after phytin had been given, is 
considerably smaller than it was previously in periods A and B. The 
phytin (periods C and D) also increases the amount of total solids in 
the fæces, having a slight laxative action, without at the same time 
increasing the loss of nitrogen. The quantity of urine rises in the 
normal man, not only when phytin but also when darac is given; but 
there seems to have been по effect with the beriberi patient. ` 

We do not believe the question of the effect of a constant phosphorus 
and nitrogen starvation to be fully solvéd by a study of ihe problem 
of beriberi. If our supposition is correct and if beriberi is caused by 
a lack of phosphorus and nitrogen in the diet, then ihere should be a 
great number of people whose diet is lacking in phosphorus and nitrogen. 
However, this starvation may not be of sufficient extent as to cause them 
to be actually Ш. ‘These individuals may be somewhat weak, less able 
to work and easily tired. The scale of transition between strong, healthy 
men, to those showing the typical paralysis of beriberi is probably 
extensive. We are fully convinced that the character of the food is not 
the least important cause of the inability to work which we notice in the 
lower classes of natives. The great problem of the influence of nourish- 
ment upon general health and muscular power is involved in this 
consideration. ` Ы 

CONCLUSIONS AND SUMMARY. 


i. It is highly probable that living for an extended period on а one- 
sided ‘almost’ exclusively vegetable diet, which is characterized by its 
poverty in phosphorus and protein, may result in beriberi. 

2. The process of polishing rice removes a fine skin and the outer 
layers (bran); this rice bran is rich іп phosphorus, especially in its 
organic, soluble form (phytin); the content of phosphorus of the rice 
is considerably reduced by the removal of the bran. 

3. Polished rice, poor in phosphorus, may cause beriberi in man if it 
is the main constituent of the food; but it is harmless if sufficient other 
nourishment, rich in phosphorus and protein, is taken. The same 
polished riee causes a polyneuritis in chickens. White bread, a food of 
"similar chemical composition as regards phosphorus and protein, can not 
sustain monkeys in normal health if it forms the entire diet. 

4. The addition of phylin (ihe organie phosphorus compound from 
rice bran) considerably reduces the deleterious effect of white rice on 
chickens. | 

5 Metabolism expcriments show that a diet such as is described in this 
paper, which contains about 40 calories per kilo, and which supplies leas 
than 0.2 gram of nitrogen and 0.032 gram of P.O; per kilo of body 
weight, can not meet the need of a normal man for phosphorus and 
protein. If phosphorus in the form of phytin or riec bran is added, a part 
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is stored and a favorable influence on the nitrogen metabolism сап also 
be observed. 7 

6, Metabolism experiments on а beriberi patient in a fairly advanced 
stage of the disease show that the capability of the man to utilize the 
nitrogen and phosphorus in the food is reduced; he demands a higher 


intake of nitrogen and phosphorus ihan а normal person to attain ^ : 


nitrogen and phosphorus equilibrium. It is especially to be noted that 
thé capability of utilizing additional doses of phytin is considerably less 
than in that of a normal man under like conditions. 

7. While it is certain that phosphorus aud nitrogen starvatiom cause 
a certain and probably a great number of diseases which we term beri- 
beri, there must be other factors,‘* especially when the œdematous form 
is observed. 

RECOMMENDATIONS, 


А very valuable portion of the rice is removed by the process of 
polishing and a healthy foodstuff transformed into one which is liable 
to cause a severe disease. Therefore, it should be the endeavor of all 
physicians to instruct rice producers and rice manufacturers concerning 
this process, and medical officers who have charge of the purchase of rice 
in large quantities for native troops, employees, etc., should use only 
grain which is either not polished or at least but slightly polished.” 

Where the occurrence of beriberi in certain districts, in instilutions, on 
ships, etc., is possible, care should be taken to give the people forr contain- 
ing а sufficient quantity of phosphorus and protein. The greatest success 
would be attained by a large supply of fresh meat, or where this is not 
available, as in these islands, a sufficiency of the native bean, mongo. 

A very promising means for the limitation or prevention of beriberi 
would be the use of the rice bran itself, 50 or 100 grams being cooked 
with the rice daily, as a protective or as a medicine. This rice bran 
seems to be the cheapest and rnost natural supply of the organic phos- 
phorus compound, phytin; the preparation itself, while valuable, being 
much too expensive to be of any practical use. We are studying the 
value of rice bran as a protective on the ship Pathfinder of the United 
States Coast and Geodetic Survey, on which outbreaks of beriberi have 
periodically been recorded: Rice bran as a treatment has proved itself: 
of value at Culion. The combined cffect of a slightly increased protein 
intake with a constant supply of phytin showed favorable results in the 
treatment of the case in Bilibid, deseribed above. 


NorE.—For the discussion on these papers see the end of this number. 
“Nocht. Arch. f. Schiffs-u. Trop.-Hyg. Beiheft. (1908), 12, 5. 


© These veeomméndations have already been fulfilled for the Philippine Islands 
by an executive order of His Excellency the Governor-General, by which “the 


, use of polished rice in.all publie institutions is forbidden.” 
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RECORDS OF THE EXPERIMENTS. 


NORMAL MAN 1 (PERIODS III AND IV). 


= қ 
р б Ј Патас | сар. 
Date. Weight) Rice. | Bread. Sugar. | Fish. | Coffee. sl nine: Remarks. | 
у. | Kilos Grams.| Grams. | Grams, брат.) Ce. Grama. | 
300 50 
з 50 | 
300 50 | 
я 300 50 Feces marked | 
Я шее. 12 зю: 50 Ap. m. | 
Spec. 13 - 300 50 | 
Ë ес. 14 _ 1 w 50 300 |... ! 
.fDee. 15 - 250 100 800 Feces marked 17 
Z рев, 16 - 250! 200 300 š p.m. 
Зее. 17 - 20° 100 300 | 
5 Deo 18 - 250, 200 300 i 
i Dee. 19 _.. nd libitum, Ы Freees marked. | 
^ > i | 9а. ш. | 
ж Dried. 
Analyses of foodstuffs. | 
вене 2 питај | 
3 - itrogen PO Í | 
| š --— | 
Per cent. | Per cent. a 
$30, 0.70 
148! 0.332 Ar 


1.29 ! 0.116 
9.16 | "0.05 


* 4.57 per cent fat. v Gram. a 


Analyses of urines. 


T 
| In 100 cubic 


i centimeters. Total. 
Period. Total quantity. кәрін = | 
Nitrogen. P.O; , Nitrogen. ) Ред. ы 
cu = | т---- 
се, Grams. | Grams, | Grams. | Стата. | 
3,992 (3,760) 0.798 ! 0.3141 31.86 4.552 
4,515 (4,340) 0.632 0.1218 28.72 5.512 ! 


Analyses of faces. 


| | | r n тона quantity. S 
| Total Р | - i 

-| Period. quantity | Solids. — Nitrogen. POs. — — 
air dry. голд. | Nitrogen. | Ros | 

i | | 

ДА ката DEN Ті 
| Percent. | Percent. | Percent. | Grams. ` Grame. Grams. | 
ана 9.09 6.48 7.29 148,3 1 10.576 2.104 | 
-| 298.0 8.70 5.02 | 451 259.2 | не | им | 
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Absorption. 


= Nitrogen. 


| Period ITT. 1. рен Period IV. | Period ІП. | Period ТУ, | 


| Percent. | Percent. ^ Percent, | Per сет. 
75.94 87. 68.51 36.6 
24.06 i 32. 31.51 68.4 
P Ректор IIL— December 11 to o 14 1909. 
pe 3 = а 5 
> " wo. CRIoriestes-| 
| Foon ез "Ox timated). | 


1 "ата. | Grams. 
200 grams sugar... al 

1,200 grams bread 
| 1,200 grams rice 
160 grams fish, d 
1,200 eubie centimeters сойсо 


#09 
2, 400 


15.48 | 
17.76 


| Total intake n.n- 


6.636 i 5,990 
Ver дау 


1 
| 10.99 | 2.674 | 1,880 
š | 


Per day. 


| Balance. 


iRitrogen.| E 


i z 
Nitrogen. POs. !Nitrogen.: Р,0;. 
i П 
ЕРА exu: ==, —{ 5 E т | 
Grams. | Grame. | Grams. Grams. |, Í Grams, | Grams, 
Ошо, urine T 


31.860 ' 4.552 | 7.965 | 1.135 Intake рег day___, 10.99, 1.674 
10.576 — 2.104 9.526 i Outgo per dn 10.61 , 1.664 ' 


42.436 | 6 56| 10.800 1.664 


Peron ГУ. — December 15 to 18, 1909. 


Ontgo, fasces 


| Total 


400 тат sugar 
1,900 grams bread 
1 1,000 grams rice 


Ms 322 
160 grams fish, dried... 3008: 1.12 
1,200 спе centimeters cofi 0.64 0.20 |... 
300 grams dara 7,5 | 10.04 
Total intake - 4544! тј 750! 
Per day — 


nas 546 1,890 


"Nitrogen, РО; 


Grams. | Grams. 1 
7.18 | 1.328 |І Intake per day 


| Grams. | атоме. 
=f 28.72 
' 


Ontgo. nrfne 


Озо, осо 1496| БЕСІГІ 8747 3.460 | Ошко per day 4.84 
Total... 43.68 1932 10.92. 4.898 | Balance. prx 


RERIBERI PATIENT (PERIODS V TO ҮШ AND А TO а). 
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NORMAL MAN 2 А | 
| { 


Analyses of foodstuffs. 


“Nitrogen, 


Per cent. | Per сем. 


Rite I... 13 | 0.28 
Rice Il. 119 | .% 
Bread 1.29 -116 
Bacon А 2.90 | 25 
-  .. -f Bacon B m | (02) 
.n | CON) 
378 | .42 
13.71 


Egg atbumen 11 
Phytin _ 
Capsules: 


Normal Han 2. 


| ee ai я Capsules. Urine. 
ЕЯ | ЕСІ as sas Miri i 
rion us | ШЕ 7 
| and date. 5 £ gigg! = š | Total [pitat] Бесе, | 
: F., g | ӘРІ 5 [Pertin Carmine, lanan- ea to" | | 
| 3:28 EIG: ity. ! i 
| * BR |Еј5|5] a | ate | 
Еа | moh] етеу " 
"| а |6 | се. се. i | Г 
| Jan.25! 1,64.8' ad libitum. — ! 
„31 300 1.400: 100 1,500 | Marked off | | 


j 800 1 400.100 


У aje. 1,0000 10а. m. 
| Jan.26 4|63.9| 300 1 400,100 


1,500 | 
1 
i 


5 Џ 
Jan.29 5637 72,000 


11,49011,500: Marked off 
2,310 12,500] 10а.ш. 


Јат. 81 7163.7] 300 7 |400) 90 i 
1,495 11,500: | 


УРА Few, 1 8168.71300 11 | 400 | 90! 


| 
1 
Јал, 80 8041! 300 Ij400| 90, 
| 
' 


200 
200 
200 
390 11 400 | 100: #00 
300 
300 
300 


Feb. 2 81641 300 ТІ |400 90! 300 75 C112 II 1,200 71,5%: 


| 1 í! 
у | | i ! 
Feb. 3:10 [64.3 aoo 11 | 400 100 200 | 75 С... pors ШЕН 2,700 2,500! Marked oft | 
i | | ! | аал Mam | 
Р Feb. 4 1|__ 800 11 | 400 | 100 | 300 5. ep у ps | пе 2,370 „өю, : 
1 > i | 
: 52 ! 
Feb. 5|12 65.9 300 HL 400 100 [5 l АРЕ } 12,900 ош) 
| | | 


RAN 
Feb, 6 18: 63.9) 300 117200 100'300 75 
М ah 


ad Нш). Marked oif 


8pm. | 


i Feb. 7 ы! 1 
| 
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Analyses of urines, V to VH. 


1n 100 cubic centi- | 
| meters, Total. 
Period. [rote quantity. " - — 
i Nitrogen. РО. | Nitrogen. | в 
ee, Grams. Grams. Grams. Grains, 
! 6,000 (5,190) 0.723 | 0.1157 43,38 6.94 
7,000 (6,495) 0.552 | 0.08956. 38.64 6.269 
| УИ АЕ ИОН 9,500 (8,750) 0.3476 | 0.06576 34.00 6.980 
Analyses of feces, У to Vii. 
=> а i —— 
А ! tity, 
Total Р | Total quantity 
Period. — quantity Solids, | Nitrogen, T e zi 
ніг dry. Solids. | Nitrogen. PO. 1 
| i 
: 1—- : —-L—— 
Grams. | Percent, | Percent. | Percent, | Grams. | Grams. ! Grams. 
i 209 89. 42 6.49 1.40 185.9 18.56 2.98 
202 18.60 6.70 1.21 258.8 | 18.50 | 244 | 
192.3 89.42 6.78 оын С] 12.94 7.38 | 
b; Perron V.—January 26 to 29, 1910. 
>= | l | |Сајопеч(• 
Food. ` Nitrogen. 2:05. timate w 
E q == mesai 
| Grams, | Grams. 
1,200 grams rice.. | 15.84 3.92 4,000 | 
1,600 grams breàd. | 20.84 1:86 3,200 ! 
800 grams bacon C --- | 1.23 0.08 1, 600 
800 cubic centimeters coffee 0.44 | 0.18 
400 grams suga: | 
4 capsules | и 
‘Total intake | 38,28 5.99.| 10.400 
Per day. 9.57] 1501 2,600 
Imm == —- - = == 
Total. | Рег дау. | ; Balance. | 
| Nitrogen, Р.О» Nitrogen] РО t tren. POs. 
` цр | i Pa | 24 
Grams. | Grams. | Grams. Grams, | | Grams. | Grams, 
Outgo urine}. 43.38 $. | 10.85 1.74. | Intake per day. $57| 150 
Outgo,feces. | 138,561 — 2,98! — 3,39 0.73 | Outgo per day _ 14.24 | 2,47 
Тони. .---- 9.87 | 247 | Balance...) —4.67 | —0.97 


Шағыл 


zi 
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Perron VI—Januery 80 to 31, February 1 to 2, 1910. 


Св 1огіе5(е5- 
* timated). 


Food. | Nitrogen. 


j ^ Стата. Grams. | 
| во grams rice I... 7.2! 1.95 ) 4; ouo: 
| 


60) grams rice.II 7.4 3.42 | 
1,600 grams breud _. 20.64 1.86 | 3,200 
300 grams bacon С ____. 1.23 0.08 | 1,600 
i 24 grams egg albumen 1 
i 24 grams egg albumen IT ___ 
1,200 cubie centimeters coffee... 
860 cubic centimeters sugar- 
4 capsules...-------------~ 


‘Total intake 44.241 ты" 10,420 
ер 11.06; 2.88 2,605 
- - : == = ERE ae =— 
! ! Total. | Ter day. i У Balance. 
Nitrogen. 5. Nitrogen. Ғ;0; | Nitrogen.| P;O;. 
ит == 
! Grams. Grame. | Grams. | Grams. | Grams. | Grams. 
Outgo, urine ...- 38.64 6.27 9,66 1. 57 || Intake per day. 1.88 
Í Ontgo, fæces .--- 18.5017 2.4 0.61 || Ошо per day 2.18 
: Total | 52.14 8.71 | 2,18 | Balance.. 1.08 | —0,30 
| e b Fa aa т.фа Т EN 
Perov VIL-—February 3 to 6, 1910. 
г ini _ |Chloriesces- 
Food. Nitrogen. Рг. |"fimated). 
=o eee, 3 кән шер ў 
| Grams. | Grams. | 
14.28 6.84 


1,200 grams rice 11 
1.600 grams brend- 20.64 1.86 
150 grams асов В | 0.3 0.08 |. 
150 grams bacon С 0, 62° 9.01 
1,609 cubic centimeters coffee 
400 grams sugar. 
24 grams phytin 
24 capsules... 


‘Total intake 10,400 
2,600 
== У E - — a 
Total. | Рет йау. | Balance, 
| 
I | } d | 
|Nitrogen. РО; Nitrogen.] Рибе. | | 
1 --- | 
> ет | 
| 


Grams. | Grama. | Grams. | Grams. | 


Outro, urine....| 33.08 | 8.26 1.56 || Intake per duy 
Ontgo, fees ^ 12.9 | 1.85 || Outgo per day 

| —— I 

| тон... 5.96 | 13.68 1.4 | за | Balance... 


| 
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Beriberi patient. 


1 ГҮ 
іш | Capsules. | Urine, 
| Period ЕНЕ к = eee uy у. | 
end 283 eiu = ` Total iDilut- ток 
| due. £S gw рш] Š Fhyun.|Carmine.! quan- ed 
је и је ale | fj | Н. | to= 
ы----- О — - i e 
K. ва. | 6.1 @ fee! б. се. | сс. 
ақ ei 1. sl 
қ 1140. 200 I |300 | 100 | 500 | 80 А. i 
Jan. 9 0.8 800. 1,000 
Jan. 10] 2|40.8| 200 1,300 209 500| 30 A 74011, 000! Marked ой 8 a. m. 
Jan. 1) 3 40.8. 20017300 | 1001500! 30 А 1,490 | 1,500 
‘Aan, 32| 4140.3 200 1 300| 100. 500| 30 А. 2,940 [3,000 | 
Jan. 13| 5|40.8] 200 1 | 200 100 | 500 | 30 A ` 2,720 8,000 
Jan. 14 0140.8 200 1 | 300 | 100 | 5001 20 B 2, 880 2,500 | 1 p. m. by regular 
Jam. 15, 7140.6 200 1:200 | 100 | 500 | 30 в 1,100! 1,500! битве. 
' кйш! 
в у 1,280 | 1,500 i 
с | 8.40.8; 2 ы 30 B » iv 
jen. 16) 81208; 200 1) 800 100 |500! зо 1,620 2,000 
Jan. 17] 9 40.4. 2001 300, 100 |500, 80 B |. 2,440 2,500 
i i m 
PORA, ip caps. È ! 
1100 | 500, 30 B s } — rei 2,045:2,5001 3.80 p. m. marked 
| | E | Hm pe ea off, not sharp. 
i Jan. 19 2001 300|100 5001 OB ge |; ------- ; 2,800:3,000 
" "d | H 


2007 


1 
£ pn. 18/10) 40.2) 20011300! 
| 
k 20, 


Jan, 21 |13|40.4| 2001 300 | 2, 500. 


i 
4 p. m. by reguler 


ћесара. | | 
i ES 3.000! 3,0000 сь, 


Jan. 23/18) 40.2) 2001 1,900 2, 000 á 


Jun, 24/16) 40,2) 2001 


Е 22] 14 40.4| 300 11300 


caps. 
6 г. 


| 
Jan, 2517 40.0 2001 305 


4 p. m. marked, : 
Jen. 27 19 39.8, :001|300 100 | 300, not sharp. 


Ejyan, 28| 20 |39.6 | 2001 |800 | 1001200 


i Е 24/18) 40.0, 2001; 800 | 100 | 500 


Jan, 29/21 40.0| 200 1 | 300 | 100 |____| soc ЈЕ PM 


|| 
44 
7" caps | 15 | 1,000 


1 
11,500| 10 а. m. marked 
5 | 2,000 оп: | 


Jen. 51 (2311.21 200 11300 


Е 30122 |41,2: 200 1 '300! 


Feb. 1/24 140.81 200 IX. 200 | 5 | 1,500 ' 
А П ! 1 
x Feb: 2:95|40,8:200 ТІ 1300 | 90]. 50с “12 =. || ) 960 | 1,000 і 
Feb. 3)26:40.8 200 II | 300| 100 74 |9,000| 7 p. m. marked 
I JFeb. аот 200 11 |300 100 1,500: ой. 
G3Feb. 5|28141.01200 11 |300] 100 8,000 | 
i 1 
Feb. 6129 40.8, 200 Ji | 300 | 100 |... 1,000: 


Feb. 7/30 Ad libitum. 


112 & m. marked | 
oft, 


A Very dark, ^Egg albumen I. “Кен albumen 11. 4 Fish, 
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Analyses of urines, A to G. 


же кзы pm = 


1n 100 cubic centi- н 
| АНА Total. 
P Total | 
| Perot: 3 quantity. | —-- 
H Nitrogen. Р.О | Nitroge рО» 
ЕЕ ЗА еш ше Ea || ais - | 
! ` š се. Grams. Grams. | Grams. | Grams. 
8,500 (7,890) } 0.2872] 0.0730 | 26.4 6.21 | 
10,000 (8,820) йз 0.0496 | > 28 4.96 
| 10,500 (9,650) 9.2094 | 0,020 21.99 5.25 
8,500 (8,030) 0.272 | 0.05144] 22,01 аз; 
5,500 (5,215) 0.1995 i nant) 1097 ) I 
2,000 (945) 0.085 бю { 6.60 i 
6,000 (5,120) 0. 8986 | 0.05604 | 28.92 3.26 
Е 29.13 | 4.53 


7,800 (6,040) | 0.3884 | 0.06036 | 


Analyses of faces, А to G. 


; т 
| | Total | Total quantity. 
Period. — ! quantity Solids. | Nitrogen. Һо, Ји ———— > 
| alr dry. | | ! Solids. — Nitrogen. 
|| 
H П TOME: рЫ ү 
Н Grams. | Percent. | Percent, | Percent. Grams, | Grams. | Grame. 
i 164.0 эз | ' 812 1.18 166.1 | 2, 29: 
174.5 96.44 7.90; 1.93 168.3 13.79! 8.37 
` 200.0} — 9521] 6,77 | 57| 192.5 зм | пы 
234.7, 80.15] 6.88 | 5.97 208.6 15,00 | 12.36 
195.6 91.48 7.58 | ім 178.9 14.83 2.62 
189.7 85.63 9.38 | 1.67 143] 1.9 3.16 
156,0 98.92 8.6) 2.34 346.5 18.42 3.65 
an PERIOD A.—January 10 to 13, 1910. 
| | ICalories(es| 
Food. Nitrogen! РО timated). 


i Grams, | Grams. 
800 grams rice I- 10.56 2.44 2,650 
1,200 grams bread ~ 15.48 1.39 2,400 | 
120 grams bacon А... J 8.481 
2,000 cubic centimeters coffee 1.04 

400 grams sugar... 


Total intake : | 


Per day _ 


Per day. Balance. 


Nitrogen. F205. 


‘Nitrogen, 


Grams. | Grams. | Grams. | Grams, Grams. | Grams. 
Ontgo, urine, 26.41 6.21 6.60 1.55 || Intake per day 7.64 1.10 
Qutgo, faces 13,32 2,92 3.33 0.73 | Outgo per day. 9.98 2.28 
Total... $9.73 91% 9.93 ?8 | Balance... | —2,29 | -1.18 
[ i 
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Ректор B.—January 14 to 17, 1010. 


І Н Н i | 
| Food. Nitrogen! Pads, Ln 
$> trams. | Grams. 

500 grams rice I. 10.56 | 244 2,650 
| 1,200 grams breud 15.48 | 1.39 2,400 | 
* 220 grams bacon B... 0.38 0.03 | 600 


3,000 cubic centimeters coffee _ 
400 grains sugar, 
4 capsules... 


Total intake ааа 
Per da. 


Balance. 


Nitrogen} РО, 


| 
| 


‘trogen | POs, 
E 


| Grams, Grams. Grams. Grams," | Grams. | Grams. 
Quo, urine. .| 2154] 3496) 5.39] . 1.24. Intake регбау._| 9,90] 105 | 
| Ошо, feces! 13.79 | 337] 36| ов | Outgoperday. ов 


— | == 
Total 2 35.93! 88| ам; 20 Balance. | —1,04 |- 1,08 
i i ! | | | 


Ректор C.—January 18 to 21, 1910. 


1 
iCalories(es~ 


a Й Гер! 
' Food. Nitrogen, | Umated). 
| Grams.» Grams 
500 grams rive I... 10,56 2.44 2,650 | 
+ 1,200 grams bread 15.481 — 1.99| 2,400 


120 grams bacon B... 0.38 | 
2,000 cubic centimeters coffee .. 
400 grams sugar... 
24 grams phytin . 
20 capsules ___ 


600! 


Total intake .. 


Per day. Balance. 


| 
i j 
[Nitrogen] р 


| Grams, | Grams. | Grams. | Grama. || 
Outgo, urine... 21.99 5.50 1.81 Intake per day 
тихо, Га 13.54 | 8.36 | 2,89 li Ontgo per duy 


4.20 | Balanee_. 
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Pertop D.—Januery 22 to 25, 1910. 


Food. Ii itrogen.! 
| 


Grems. | Grams, 


800 grams rice I... 10.58 | 
1,080 grams bread 13.55 | 
120 gtams bacon B 0.38 | 
1,500 cubic centimeters coffee 9.78 


400 grams sugar. 
24 grams phytin 
20 capsules 


Total intake 


Perd 
— | 5 ' | 
Total. Per day. Balance. 
—— — = p= 
Nitrogen. | Рог. роет. PsOs. Nitrogen] 
Ri i es. E . ' 
| Grams. je Grams, | Grams, | Grams. | Grams, | roms. 
| Outgo, urine 22.12 4.97 5.58 1.08 | Intake per day___| өз! 564 
Outgo, feces 15.00 | 12.96 3.15 3.09 | Outgo рег day — 9.98, 4.18 
Total. 37.12 | 16.78 | 9,28 | 4.13 |! Balance___| | —0.54 
I i 
PERIOD E.—January 26 to 29, 1910. 
Calories{es- 
Food, = һо, Hinton, 
Grams. | Grams, 
800' grams rice 1... 10.56 i 2.4 2,69 
1,200 grams bread.. 15.48 1.39 2,400 
1, 000 спрје centimeters coffee 95; 


ПСА 
400 grams sugar .. 
4 capsules 


Total intake 27.58 


Per day -—-. ----- 6.58: 1.01 


200 grams bacon С 
1, 


Nitrogen. 


I 
| Grama. | Grams. 
10.97 | 


| 
frams. Grams. | | Grimes, | Grams. 


Ontyo, j2 ди | Й ñ . "m 
nets aes. 56 2.81 | 4.39 030 Intake per day... 6.83! 10 
Ovtge, fce... 1.83 | ze зи ов | Outgo per day... 8.10 | xs 


ME а 0} BAB озю 130] Ralance р -1.22 | - 0 
) 


Calories (es; 
timated). 
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Perion F.—January 30 to February 2, 1910. 


Food. š + Nitrogen. РЮО k= и 


i 
[ 
| Grams. | Grams, 


300 grams rice 1... 5.28 

400 grams rige TI _. 4,76. 

1,200 grams bread 15.48 a 

200 grams bacon © 0.82 0.06 ; 1,000 


600 cubic centimeters coffee _ 
1 360 grumssngar __ t 
36 grams egg albumen I 

| 12 grams cgg albumen 11 
4 enpsitles - 


i Total intake 
Per day 


| Per day. | 

‘Nitrogen P40,. Nitrogen | р, | 'Nitroge: 
аб Ж | Е ze 

Grams. | Grams. || 


| Grams. | Grams, Grama. | Grams, 
Outgo, urine 23,92 | 3.38] 598| 0.84 || Intake perday | asaj 1.26 
Outgo feces... — 15.79! — 316 — 445! — 0,79) Outgoperday.. — 10.49 1.63 


"Tot; | 41.71 | 6.52 | 10.45 1.63 | Balance. 


Perion G.—February 3 to 5, 1910. 


150; Calories(es-| 


Nitrogen. Өшсе), 


| Grams, | Grame. | 


500 grams rice 11. 
“71,700 grams bread 
400 grams sugar... 
400 grams fish (salmon) 
Senpsules.. _.__‚.___ 


Total 


Total intake . 7.63 
Per day. 10,06 19 
[ 
i | Total. | Рег day, | : | Balance. 
“Nitrogen! P, iNitrogen.| PO. | Nitrogen, р 
(Se 2 Е 
i ` | Grams, | Grams, | Granis. ^ Grams, | Gravis, | Grams, 
! Outgo, urine - жаз 4.58 1.28! 1,33; Intakeperday.. 10.06, 1.91 
| Outgo, fæces _ 13.42 3.5; 3.36 0.91 Outgo per day -| 
l 


“Шет кае 10,64) зы | Balance.. 
| 


SOME OBSERVATIONS CONCERNING BERIBERI.* 


By GOROSARKU SumAYAMA.* 


{From the Institute for Infectious Diseases, Tokio.) 


Marked attention has been given in Japan to the question of the 
etiology of beriberi since the Russo-Japanese war, not only in medical 
circles, but also in a practical manner, During the war, Japan had 
200,000 cases of beriberi in the army, aud this was the only ravaging 
epidemic with which the army had (о contend. A beriberi commission, 
consisting of bacteriologists,. pathologists, chemists and clinicians was 
therefore formed two years ago by the ministry of war, and I was one 
of the commission, who, together with two colleagues, made a journey to 
the Netherlands East Indies in order to observe the oceurrence of beri- 
beri in that region. 

Beriberi is now very widely distributed in Java and Sumatra, much 
more so than in former years. The disease is present among a number 
of Chinese on the Island of Banka, where the tin mines ате situated. 
We made a number of observations in this locality, which I wish briefly 
{о mention in this place. 

The present views concerning the etiology of beriberi aye very diverse, 
and this is not the place to enter more extensively into a discussion of the 
literature, but the theory of the relation of the disease to the consump- 
tion of rice must here be considered. Ten years ago Eykman conducted 
some experiments with fowls, producing polyneuritis by the exclusive 
feeding of husked (polished) rice, whereas the unhusked (red) variety 
did not produce this result. Vordermann then demonstrated, in con- 
formity with this work, that beriberi is a much rarer disease in 
prisons in Java where unhusked rice is used than in institutions in 
which the polished grain is employed. However, I wish to caution 
against regarding polyneuritis of fowls as being identical with human 
beriberi, and the observations of Vordermann leave many lapses and have 
much to be brought against them. Beriberi, as a fact, is endemic 
among oriental: peoples who also use rice as the chief article of dict, 


` Read at ihe first biennial meeting of the Far Eastern Association of Tropical 
Medicine, at Manila, March 11, 1910. Translated from the German by P. ©. Е. 
*Delegate from His Imperial Japanese Majesty’s Government. 
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and therefore the theory of the connection of the disease with the con- 
sumption of rice is always brought to the fore. The observations of 
Braddon, Fletcher, Ellis and Fraser, in the Malay Peninsula, have again 
called attention to this matter. According to the observations of these 
English authors, the consumption of parboiled rice is able to prevent^the 
ontbr eaks of heriberi in hospitals and the disease can even be cured by the 
jon of this variety. 

Ti pon ihe basis of the theory of the connection of rice with the 
etiology of beriberi, a freshly husked, but not polished, rice was used in 
some of the mines on Banka Island, but the result was in evident ‘contra- 
diction to the theory. 

In 1908, 1,195 cases of beriberi developed in the Blinjoe, ome of the mining 
districts. Mine No, 3 was especially unfortunate, for 166 out of 410 workmen 
contracted the disease, and mine Хо, 4 developed 118 cases among 390. No, 5 had 
400 workmen, and 97 of these were ill with. beriberi; on the other hand, the 
remaining mines showed but few eases. For two years the workmen had reveived 
unpolished, fresh rice, not only in mines Nos, 3, 4, and 5, but also in Xo. 11, 
in which latter 40 out of 300 workmen contracted the disease; on the other hand, 
the laborers in the remainder always had polished and old rice. It may further 
be stated, according to Hullshoff-Pol, that the workmen in all the mines received 
150 grams hadjang idjo beans, together with dried fish and fresh vegetables. 
daily. The result of our observations, therefore, was as follows: 


1. Even if the workmen in the mines receive 150 grams of kadjang 
idjo regularly every day, nevertheless beriberi occurs among them. 

9. Even if the laborers are given a diet of fresh, unpolished rice, 
nevertheless they develop more cases of beriberi than those in the other 
mines, where they receive polished and older Java rice. 

I therefore could not find the ‘assumption to be confirmed that unpol- 


ished rice, which has the same composition as parboiled rice, could - 


prevent beriberi. 

{ wish to add some statements concerning a general epidemic on board 
a steamship which took 600 emigrants from Yokohama to South Amer- 
ica; and 62 of whom were for various causes returned to that port 
with the same vessel. The entire voyage out and home took one hundred 


and thirty-nine days. Beriberi gradually appeared among the returning. 


emigrants and by the time they reached Yokohama ail, without a single 
exception, had contracted the disease, and 6 died. The remainder, 
upon arrival in port, were transferred to a hospital, where I saw the 
patients, and after a careful examination I proved thal the sickness 
was genuine beriberi. | 

The question has nol been decided as to whether the general epidem- 
ics which at times oceur on board ship and which so greatly resemble 
beriberi are in reality always genuine beriberi, or only a similar condition 
or a scorbulie disease brought about through lack of nourishment. Тһе 
Norwegian commission, in expressing an opinion concerning the beriberi 
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of sailing ships, believed the disease to be genuine beriberi, whereas 
other authors, for example, Nocht in Hamburg, maintain that the condi- 
tion is dependent on defect in nourishment. In my case, at least, the 
disease was genuine beriheri. 

Furthermore, in the past summer, I observed ati epidemic of beriberi 
in certain fishing villages of Japan. | 

АП my observations lead me to the conclusion that uniform, but 
little changing, monotonous diet predisposes to the disease. The соп- 
dition of nourishment of the Chinese in two of the mines of Banka 
was fairly good, the total quantity of the chief constituents of diet, 
namely, protein, fat and carbohydrates, was sufficient, but the diet was 
always one-sided and mot varied throughout the year. ‘This is also 
true of the general epidemic of beriberi aboard the steamship referred 
to above, and in the fishing villages the onc-sided diet was the only point 
to be observed. 

However, the one-sided or monotonous diet is only the predisposing 
cause of beriberi; the true cause must be sought in other directions. 
This can be illustrated by an example. Abdominal typhoid is treated 
in Europe and America, as well as in Java, or for that matter in the 
entire Orient, by means of a liquid dict, especially milk. In the Orient, 
beriberi very frequently occurs as a complication among the convalescent 
patients; whereas this has never been observed in Europe or America. 
It is also true in the Orient that during sieges of cities and under other 
circumstances where there is insufficiency of diet, heriberi is. very fre- 
quently observed, whereas this is not the case in the Occident. It is 
therefore not unreasonable to assume that the mieroórganisms of beriberi 
are only present in the Orient and, given a predisposing cause, are 
capable of causing the disease, whereas in the West beriberi does uot 
appear, owing to the absence of the infecting organisms, although the 
same favorable predisposing cause may be present. 


FOOD SALTS IN RELATION ТО BERIBERI.' 


By E. D. KILBOURNE.’ 


Beriberi has probably existed in the Philippine Jslands since very 
early times, "Schneider? reported cases at Zamboanga in 1852. Koen- 
iger! is, Í believe, in error, in stating that beriberi did not exist 
among the natives prior to 1882, although it was probably less common 
than it is now. During and since the year 1877 the imporls of rice 
have greatly exceeded the exports. From our present knowledge of 
the etiologic relation of polished rice to beriberi, it is safe to suy that 
the disease was not absent during these and during previous years ne 
the imports were not inconsiderable, 


TABLE T,—Imporis and exports of rice into Manila, in kilos. 


Year. | erortea. Exported. ' Year. Imported. | Exported. 
i H | 


None. | Not known. 
1,393, 040 ; 772,920 


-| 108, 431, 626 3,609 
42, 440,630 ©з 


746,460} 820,440 61, 798, 722 | 18, 585 
3,758,240) 6,313,428 79, 987, 97; 32,337 
16,918 | 2,443,500 82, 445, 441 | 374 
Not known. | Not known. 85,417, 158 |” 905 
1,046,100 | 20,396, 300 71,165,714 13426 | 
253,257 | 22, 650, 046 1 72,604,368 | None. 
4,788 | 6,000,054 || 62, 709, 197 | 254 
380, 804 | 2,036,696 | 41, 000, 503 62,492 | 
Not known. | Not known. | 44, 870,685 | 1,213,689 
7,811,002 18,278 i! 1895-1807 Not known. ‘Notknown. | 
10,811,589 | 101,371, 178 || 1898-99" 55,817,073 | None. 
| -2,910,847 | 1, 824,855 | 1899-1900 110, 141, 587 None. 
Ç 289,539 | 3,571,981 | 1900-1901 178, 605, 807 None 
' 23,005, 946 86,800 | 256,812, 382 None. 
23,670,098 265,285 307, 835, 856 None. 
58, 818, 165 89, 848 330, 518, 006 None. 
3 366,241 256,037, 430 ! None. 
Po 20,977 1 138, 341, 469 None, | 
вю ! 119,985,685 | None. 
50,361 ` 162, 515, 826 None. 


а No Spanish records could be found at tbe eustom-house later than 1894. 
“The American records begin with August 20, 1908,.and show tbe amounts in the 
fiscal years ending June 30. 


*Read at the first biennial meeting of the Far Eastern Association of Tropical 
Medicine, in Manila, March 11, 1910. 

* Captain, Medical Corps, United States Army, Member of the United States" 
Army Board for the Study of Tropical Diseases as They Exist in the Philippine 
Islands, 

“tieneesk, Таја. v. Ned. Ind. (1890), 30, 43 

* Deutsches Arch. f. klin, Med, (1884), 34, 419. 
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Beriberi has been endemic among the, native population since the 
occupation of the Philippines by the American forces in 1898, and several 
cases have been reported among the whites. Although I have examined 
several white soldiers and civilians, said to have beriberi, I can not 
say that J have ever seen а genuine case in this class, amd am of the 
opinion that the disease is extremely rare among them. In the Tropics 
it is easy to confuse multiple neuritis from other causes with true 
beriberi, 

The relationship of rice to beriberi is so well established that a con- 
sideration of one must include the other; therclore, a brief outline of 
the rice-eating habits of the inhabitants of the Islands is here given, 
Nearly all the tribes of the Philippines are of the Malay race, and 
though not all are of the same religious belief, their modes of preparing 
vice for eating are practically identical. None, as far as T can ascertain, 
use parboiled rice. There are a considerable number of Chinese aud a 
few East Indians all of whom use polished rice, either native or imported. 
The latter prefer an Indian polished rice, which they import in small 
amounts for their own consumption. 

The inhabitants of the interior use irrigated rice, when practicable, 
and mountain or upland rice when water is not accessible. Those in 
the lower lands, for the greater part, consume irrigated native rice. 
‘The inhabitants of the coastal plains use the latter, or imported rice 
brought, ‘principally, from the British and French East Indies and 
from Siam. 

For twenty-one’ years preceding, and since the American occupation, 
there has not been enough native rice produced to supply the population. 
Before 1877 this was not so; then the rice exported exceeded that im- 
ported. The various sources and amounts of rice imported since the 
American occupation are given in the following table, compiled from 
{һе records of the Bureau of Customs. 


TABLE II.—Sowrces of imported rice—fiscal- years ending June 30—weights in 


kilos. 
iteal British | Duleh | 
-- French " Other 
| States. | дё” |Pranee- Spain. ESSE, | EAS! least indies,| Siam. | i 


i 


!859,272 


1899. 3,172,052 6,774,902 
1900. 6,519] 129| 5,539,984 149,999,369 
į 1901 | 56 52 136,405] М7 161,647,368 | 12,198,900 _________ 


| 1902, 218,293 ' 
5665; 


116,718: 85,421 
ЕТІП | 8,258 j 27, 


179,719,888 | 13,414,030 700,780 
--------| 262,930,276 | 16,481,171 630,354 
30,859 38,443,895 | 29,547 | 264,317,216 4%) 25,519,980 
19,381 18,432,723 ` 198,535 208,772,632 | (а) 28,606,718 ; 
25.872 | 9,837 | 8412494] 1,326 | 220,312,056 490. 9988451 | 
17,901 | 11,616 971,600 106,673,410 | 5,311,105 
35,773 | $1,398 | 4,209,207 | 9 | 152,799,236 | 8,427,425 


ч Siam rice 1904-1908 is inclu 


d in that from “Other Asia.” 
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The rice used in the Philippines, as regards preparation, is of three 
kinds: That grown at home and pounded out by hand in large wooden 
mortars; that grown at home and submitted to milling of varying degrees 
of thoroughness; and the imported rice, all of which has been milled and 
polished abroad. . 

The first variety, home grown and hand produced, is used іп the rural 
districts and by about one-half of the natives in the coast towns. ‘The second 
and third varieties, polished native and imported rice, are used principally in 
the coast towns and their immediate vicinity. There are regions where little 
or па rice is consumed, as in the Batan Islands, just north of Luzon. Meat and 
vegetables constitute the diet of the inhabitants of these islands; they have по 
beriberi. In the town of Aparri, 120 miles south of the Batan group. imported 
.polished rice is found for sale in the tiendas and beriberi exists among the natives. 
On the contrary, in the coast towns of Casiguran and Baler, which are around the 
northeastern corner of Luzon from Aparri, no imported rice was observed in 
the tiendas and по beriberi among the péople, 

In general, beriberi is found in the coast towns and along the lines of com- 
munication, and in the same places polished rice із extensively eaten. At Taytay, 
in Rizal Province, a small town of 6,000 inhabitants about 15 miles from Manila, 
beriberi is remarkably inirequent, although the town is ов the railroad. Ав 
a matter of fact, however, polished rice seems to be used there little, if any. 
Samples of тіге gathered at random in the tiendas of Taytay were al) of the 
home-grown varieties and incompletely milled. 

Our observations seem to prove that beriberi jn the Philippines is 
found only where polished rice, either imported or home grown, is used, 
principally along the coasts or rivers, No doubt the new railway s 
will open up increased areas where polished rice will be consumed and 
the distribution of beriberi in the Philippine Islands may be changed 
jn the next few years. 

This etiologie relation of polished rice to “beriberi agrees with the 
findings of other workers. If polished rice is a factor in the causation 
of beriberi, and this seems to us to be proved, it must be because it either 
conveys into the body some extraneons poisonous substance, or else is 
deficient in, or, at least, fails to give to the body enough of some needed 
element or elements. The work done in the Philippines by Major 
Dutcher and others, and our own observations, have failed to give any 
support to the first idea, consequently our researches һауе been directed 
to an invesligation of the privation theory. 

It is not sufficient to make deductions from analyses of lhe various 
rices, polished and parboiled, or to draw conclusions [rom experiments 
in which such rices ате fed to lower animals, althongh such experiments 
may be suggestive and point out a protitable line of research in the 
human. ‘The ingestion by the human of other articles of diet, rich in 
a certain element, may entirely compensate for the lack of such element 
in the rice caten, so wnless the entire diet of a body of men for a period 
equal, at least, to the so-called “period of incubation” is known, no 

94620—9 
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reliable conclusions can be drawn. From the analysis of one predominat- 
ing article of food we might conclude that the Irish peasant has this or 
that disease because the potatoes, which constitute a large part of his 
dict, contain а very small percentage of phosphorus. If we examine his 
entire ration we find that this element is amply supplied by milk and 
eggs, which are easily and cheaply obtained. Eykman* and Sakaki > 
have shown that fowls fed on polished rice develop polyncuritis in five 
to ten weeks, but horses develop a condition akin to beriberi * when fed 
on unhusked grain, the food which prevents the condition in the case of 
the fowls. We have no means of knowing that ihese diseases in animals 
are caused by the same conditions that induce human beriberi. Monkeys, 
іп our laboratory, fed on boiled, polished rice and water alone, showed no 
bad effects for fourteen weeks and actually gained in weight. 

To determine in what respect the diets containing a considerable pro- 
portion of polished rice are at fault, the United States Army Board for 
the Study of Tropical Diseases as They Exist in the Philippines, of which 
Тат a member, has, during the past year, studied the situation as it 
exists in the native troops (Philippine Scouts). То obtain reliable and 
acenrate data from the civilian natives is impossible; only in a military 
organization, prison, school, or other similar body is it possible to exercise 
a control sufficient to make the findings of any value. Consequently; 
our observations on the civilian population are of a general nature only 
and made from material incidentally gathered while working on beriberi 
among the Scouts. 


The Scouts were organized in 1901. The annual reports of the Surgeon- 
General of the United States Army first mention beriberi as occurring, among 
individuals of this body of troops in 1902. 


Beriberi in the Philippine Scouts. 


— š : қ 
o" Admissions Deaths T ,Admissions| Deaths. 
“ғат. рет 1,000. | рег1,000. Year. | per 1,000. | per 1.000 
О E ' үт — 
2 mor 9.15 | 9.38 | 36.98 | 1.79 | 
! 1905 4 8; || зы! 1,28 
1904 "uei o ne |! 101.58' 1.35 
sa, nar | | 


| 1395. 


iu 1909 the admissions of scouts to sick report, because of beriberi, were 
only схеседед in number by two other causes, malaria and miscellaneous digestive 
troubles. 

Те was evident, after a study of the data obtained (rom the records of 
these companies, that the amounts of proteid, fat and carbohydrate actu- 
ally consumed were sufficient. 


* Polyneuritis bij Hoenders. Gencesk, Tijd. v. Ned, Ind. (1896), 36. 
*Sai-i-Kieai (1903), Mareh 31, April 30. 
è Braddon, W. L. The Cause and Prevention of Beriberi. (1907), 359. 
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The Filipino ration (issued to the Scouts) is as follows: 


Component articles. Quandt) Substitutive articles. [ашан 
l- ts ee 2 
! Ounces. Ounces. 
| Beek fresh-—_._------------------| 10 | acon анан) 8 
i i Canned meat - 8 
| | Fish, canned. 12 | 
Fish, fresh _ md 
Flour... 8 Hard ый... 8 
Baking powder (in field: 0.32 i i 
Н 2 | | 
Potatoes „аала о ла тоа азады | 8 
Coffee, roasted and ground 1 | | 
2 
| "0.08 
0.64 
0.02 
i масти Lo 
„ап. 


А considerable latitude is allowed in the amounts consumed. Жоғ 
example: 1f the company does not care to use a certain article of food 
on the ration list, it need not draw it from the commissary, but will in 
its place receive a commuted value, in cash, at the end of the month, 
with which te purchase other articles from outside sources. Also, the 
company may һауе a substantial “company fund” derived from its share 
of the profits of the post exchange and post bakery with which to buy 
desired articles of food to enrich the mess. When the company is 
stationed in an inaccessible place, away from markets, it must necessarily 
live almost entirely from the commissary ; but when quartered near good 
markets it may be able to buy fresh vegetables and other things cheaply 
and draw little from the commissary. In these ways the ration actually 
eaten by the men may differ considerably from that laid down by the 
Army Regulations. 

To determine exactly what the dietaries were, the company and sub- 
sistence department records were consulted and the actual articles and 
amonnts ascertained. In no case were the amounts of proteid, fat and 
carbohydrate found deficient. The Filipino ration, as listed, contains 
approximately the following: Proteid, 122 grams; fat, 45 grams; carbo- 


hydrates, 685 grams. The proteid and fat are ample, and the amount of 
carbohydrates is more than enough for a. Filipino who weighs about four- 
fifths as much as the average American. 

Tn тесеп} years the rôle played by the inorganic salis in the human 
economy has been given a great deal of study. In the last decade much 
work has been done by physiologists on the aclion of salts on the healthy 
organism, but the relation of the different salts to known pathologie 
conditions has only partially been worked out. 

The principal salts introduced with the food are combinations of 
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sodium, potassium, calcinm, and magnesium, with carbonic, hydrochloric, 
sulphuric, and phosphoric acids. If a deficiency in any of these has an 
etiologic bearing on beriberi, such deficiency should appear both in the 
polished rice and in the diets of the “infected” companies. 

А comparative table, complied from data taken from Blyth’s “Foods, 


a> 


Their Composition und Analysis,” is as follows: 


Taste ПІ.--ботрағайте table of salts in food (Blyth). 


| 
| Constitnents, | Rice. | Potatoes, | Peas. | Corn. | 
| | 
> | MASS OEN TEN 
| Potash . | | 999m. 0.20501 1.1393 | 0.2890 | 
| вода = 5 0247 „0215 | „9:54 | 20606 | 
| 1 05; оло 232 | — .owo | 
| Maguesia - . 0504 - 0354 .2109 .1232 | 
| Ferrie oxide 0055: „0096 0297 | .0135 
; Phosphoric aci E SIME IE 
ilphurie acid. .0027 | .00^6 OOS 
i ят! 20207 | о ое. 
Chlorine... - 0005 гов, oon | 


‚И will be noted that rice is low in potash, lime, phosphoric acid, 
sulphuric acid and chlorine. The potassium, calcium, and phosphorus 
content will be discussed later. The low sulphuric acid content is of 
no importance, š 

Ав has been stated above, the amounts of proteid have been sufficient 
in the dietaries of all the companies investigated, thereby furnishing the 
amount of sulphur necessary. “Sulphates eaten pass out through the 
urine. They play no part in the life of the cell”? ‘The low chlorine 
content has no bearing on beriberi among the Scouts, for the native soldier 
consumes enough table salt to make up the deficiency; whether he eats 
too much salt and thereby extracts needed potassium ions from the body 
is a question worthy of consideration. 

The phosphorus and potassium content of the dietaries of several 
Scout companies and of the prisoners at work on Corregidor Island is 
given in the following table. Тһе companies have been divided into 
three classes according to the incidence of beriberi in each. 


Average number of grams consumed per man per day. 


ст K. | 
1. Having many cases (5 organizations} ------- 1.0600 | 
IL Having а few scattered cases (7 organizations) 1.1905 
| IH. Having no cases (3 organizations) ... 1.6917 
ЕСА POEM 


7 American Text-Book of Physiology. Philadelphia, 1 ed. (1896), 951, 
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The amounts of phosphorus were computed from percentages given 
by Balland* and the amounts of potassium from Garrod's table.” 

The amounts of Р.О, average 3.3474 grams in the bad companies, 
3.9399 in those slightly affected, and 4.6279 in the companies and the 
prisoners having no beriberi; a difference of 1.2803 grams between the 
worst and the best averages. 

Just what amount of phosphorus is necessary for man, I am unable to 
say. About 3.8 grams phosphorie aeid are excreted daily im the urine, 
and some phosphates of the alkaline earths in the feces, but even though 
we were to determine exactly the intake and outgo we should still 
be unable to ascertain the amount required, for some of the phosphorus 
eliminated in the fæces may have been absorbed, used, and returned 
again for expulsion. A better idea of ihe amount required, as far as 
beriberi is concerned, may be gained from the phosphorus content of diets 
known to prevent beriberi. Such a diet is the garrison ralion which 
is issued to our white soldiers. It contains 6.3433 grams P,O, Four- 
fifths of this amount, to correspond to the weight of a Filipino, would 
һе 5.0746 grams. It would seem that this is more than enough. In 
our third group, consuming an average of 4.0729 grams Р.О, daily, 
no beriberi occurred. 'Phe Filipino ration, as listed, contains 4.1768 
grams P,O, 

The phosphorus of the food enters the body in three "general classes, the 
soluble phosphates of sodium and potassium, the slightly soluble calcium amd 
magnesium phosphates, and in organic combinations with nuclein, cascin, and 
caseoses. It is not known whether or not caléium phosphate is absorbed from 
the intestinal tract. It is probable that the phosphoric acid ions are absorbed, 
chiefly, in combination with sodium and potassium.” From the feeding experi- 
ments of Hart, MeCollum and Humphry," it would appear that the phosphorus 
and potassium of the food are closely associated in their relation to the nutritive 
processes of the body. : 

The amounts of potassium chlovide average 1.0600 grams in the worst, 
1.1905 in the medium, and 1.6517 grams in the best organizations, а 
difference of 0.5917 grams between the worst and the best. These 
amounts of potassium chloride do not run exactly parallel to ihe phos- 
phorus content of the three groups, there being a greater relative differ- 
ence in the amounts of the former. Тһе increase of the best over the 
worst was 56.76 per cent in potassium chloride, but.only 38.22 per cent 
in P,0,. 

The amount of potassium required daily by man is variously estimated, 
but is usually given as from 3 to 4 grams. While 3 grams of potassium 


* Bull. Асай. Мед. (1906), 56, 612. 
*Nothnagel. Encyclopedia of Practical Medicine. 
? Herter. Chemical Pathology, 115. 
и Ат. Journ, Phys, (1909), 23, 246. 
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chloride are found in the garrison ration, there are only 1.3 in that 
of the Filipino troops, а remarkable difference. An average of 1,6517 
grams was found in our third or beriberi-free group. 

An important influence of the potassium salts has been noted by 
Bunge.^ “Tf a potassium salt be in solution together with sodium 
chloride, the two partially react on each other, with formation of potas- 
sium chloride. If now potassium carbonate, for example, be caten, the 
same reaction occurs in the body: K,CO,-| 2NaCl Sz IKONA, CO, 
The kiduey has the power of removing soluble substances which do not 
belong to the blood, or are present in it to excess, and consequently the 
two salts formed as above are excreted. Hence, potassium carbonate has 
caused a direct loss of sodium and chlorine. For this reason, if potatoes 
and vegetables rich in potassium salts are eaten, sodium chloride must 
be added to the food to compensate for the loss. Natives living on rice 
do not need salt, for here the potassium content is low. Tribes living 
solely on meat or fish do not use salt, but care is laken that the animals 
slaughtered Тог food shall not lose ihe blood vich іш sodium salts, and 
strips of meat dipped in blood are, by some races, considered a delicacy.” 
Ii this be true, an excess of sodium salts will cause a loss of potassium 
їп the same manner. 


Jaques Loeb" hus shown the necessity for a balance between the Na, Ca, and 
K ions, and that the Ca and K ions counteract the effects of the Na ions in the 
blood. When marine animals were placed in a pure solution of sodium chloride 
of the same concentration as sea water, their muscular contractility was lost. 
* Small amounts of Ca and К. ions antagonized the poisonous effects of the Na ions. 

Herter gives the daily amount of sodium chloride necessary for a man 
as about 8 grams, which would be aboul 6.5 grams for a Filipino. 
The average daily amount of table salt consumed by each шап in the 
organizations we investigated was 10 grams. This amount, ordinarily 
not harmful, since most people consume quantities far іш excess of the 
physiological requirements, might be too much for diets as low in K ions 
as are those of the Scouts. 

The amounts of calcium ingested were greatly in excess of their 
physiological needs. 

The necessity of a proper balance in food salts is shown by the relation 
бі varying amounts of sodium chloride to the œdema of nephritis, and 
of calcium chloride to epilepsy and rickets. 

А deficiency in the amounts of potassium and phosphorus, or a 
disproportion between (hese elements and sodium, calcinm and mag- 
nesium, might well account for the production of beriberi. As in ihe 
case of rickets and scurvy, because of the intricacy of the problems 
involved, and the large part played by the selective powers of the body 


" Physiologiache Chemie, 3. ed. (1894), 108-116. 
"Am. Journ, Phys. (1900), 3, 327. 
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tissues, we may never be able to express in terms of chemical equations 
the pathologie processes of this disease, but I believe we do know 
enough of its etiology to prevent its occurrence. 

By a proper diet we hope to eradicate it from the native troops. Of 
course, predisposing causes, such as bad ventilation, overexertion, ex- 
posure, etc., must receive their share of attention, As a result of our 
studies, certain changes are to be instituted in the Filipino ration. The 
Tice is to be reduced to 16 ounces and native No. 2 rice substituted 
for the polished Siam grain now supplied. One and six-tenths ounces 
of beans are to be added. It is hoped that by these changes beriberi will 
disappear from the Scouts. 


DISCUSSIONS ON THE PAPERS BY DOCTORS DE HAAN, 
FRASER, HIGHET, ARON, SHIBAYAMA, AND’ KILBOURNE. 


Dr. Gilbert E. Brooke, port health officer, delegale from the Straits 
Settlements, Singapore.—l assure every one that I am very glad to have 
heard this series of papers, which shows how much careful work has been 
performed on this subject. "That the remova] of the outer covering of the 
rice grain is one of the causes of beriberi seems, from what we have heard, 
to be probable, the phosphorus content being reduced. However, I must 
say that it appears (о me that we must be careful not to jump too hastily at 
conclusions. Before we can accept such a conclusion as this we should 
inquire into many other factors, for one, concerning the occurrence of beri- 
beri in countries in which the principal diet is not rice, and another, its 
nonappcarance іп countries where rice does form the principal food. 
Another question is concerning the phosphorus content of other foods, 
which counterbalances the lack of phosphorus in white rice. The natives 
of this part of the world use fish wherever it is obtainable and fish 
contains phosphorus. Doctor Kilbourne, in his paper, states that beriberi 
was present in the Philippine Islands in 1882, but it seems unreasonable 
to assume that the natives at that time were already eating polished rice. 
They probably had the same diet as at present. Doctor Highet said 
that previous to 1890 white rice was quite expensive in Siam. I should 
like to ask him whether steam-milled rice had been exported from that 
country. 

I have looked over the records for thirty years, covering the admission 
of cases of beriberi into the hospitals of the Straits Scttlements and 
these develop the fact that no cases of the disease, or at least very few, 
securred before 1878, Beriberi began to appear about the year 1880 
and afterwards increased. We have had a considerable number of cases 
of beriberi annually from 1879 up to the present time. We began to 
use steam-milled rice in Singapore in 1890. ‘There was no beriberi in 
Singapore jail from 1896 to 1897. ‘The prisoners were given rice 
found in the market, which is the food of the native population, and 
the latte also had beriberi. А 

І had an opportunity of seeing the beginning of a case of beriberi 
taken from the quarantine station in Singapore. We had a number of 
hospital attendants, Chinese, who lived in barracks. They were doing 
the work of nurses. In October, 1896, we lacked one man. We secured 
a person ађош 31 years of age. Пе lived with thé other coolies. They 
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had separate rooms, but they all ate the same food. Until December 
25 none of these assistants went to Singapore. We allowed very little 
visiting, but permitted them to go once a month for a period of twenty- 
four hours. On December 25 this new man had 24 hours’ leave and 
went to Singapore, but he returned the following morning. On January 
5 this man complained of shortness of breath: I found him suffering 
from constriction of the chest; the following day his legs developed 
signs of weakness, on the seventh day he was very weak and on 
the eighth day he could no longer stand. I inquired concerning him on 
March 4 in order to discover what he had eaten during the twenty-four 
hours when he was in Singapore. I found that he had eaten two meals, 
T visited the house where he had eaten and found по boriberi there. 

| bring this case to your attention so as to turn the latter on ihe 
possible origin of beriberi in this instance. There would seem to have 
been a short incubation period. 

Dr. J, de Haan, director of the Government Medical Laboratory at 
Weltevreden, delegate from Her Majesty's Government of the Nether- 
lands Eudies—Can Doctor Aron explain, by his view of the extraction 
of phytin, why the curative effect of katjang idjo is lost when the beans 
are heated to 120° У 

Dr. Aldo Castellani, professor of tropical medicine and lecturer on 
dermatology, Ceylon Medical College, Colombo, delegate from the Govern- 
ment of Ceylon—lt was with great pleasure that I listened to these 
papers and to their discussion. I have ulways been strongly of the opinion 
that this matter should for the greater part be left to those who have 
especially worked with it; I have a certain amount of clinical experience 
with the disease; but have never undertaken any experimental work on it. 
The investigations of Doctors Fraser, Aron, and Kilbourne are, to my 
mind, the most convincing of all that I am aware of. Ја fact, I think 
that the supporters of the old theory of beriberi are in a very poor position ; 
but I do not believe that the rice theory alone holds. I certainly agree 
with Doctor Aron that an insufficiently nuiritrious diet may produce 
general debility, but may it not be that white rice and the general debility 
caused by its excessive consumption may render the individual more 
liable to be infected by the specific parasite causing beriberi? ТЕ seems 
to me that the rice theory does not explain the occurrence of the disease 
in some tropical countries and its absence in others. In Ceylon there are 
half a million Indian coolies who eat the same rice as those in India. 
Tn fact, the rice for our coolies is for the greater part imported from 

_ India; still, not a single ease of beriberi has occurred in Ceylon. 

Tn conclusion, 1 would ask to be allowed to express my admiration of 
the great work of Doctors Aron, Fraser, and Kilbourne. 

Dr. Hans Aron, associate professor of physiology, Philippine Medical 
School—In reply to Doctor de Haan’s question, T will state that, in my 
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opinion, it is probable that if by a process of sterilization the soluble phos- 
phorus compounds and phytin frou: beans (such as monge) or from vice 
are extracted, this fact would explain the deleterious action of, say, steril- 
ized beans, ete. I did not venture to touch upon this subject in my 
paper because I did not have sufficient experimental data, but this 
explanation is very clear to anyone who has worked with tbe question, 
An important point in regard to the process of sterilization would be 
to discover if, by this means, any extracts are produced which are 
separated from the beans and Jost. A recent paper from the Physiolog- 
ieal-Chemical Institute in Strassburg demonstrates that bread, when 
extracted, can not sustain mice in normal health, but if the extracts ате 
added to the extracted bread, or unextracted bread is fed to the animals, 
they remain in good health. 

Tn reply io Doctor Castellani’s question, I would say that it can not 
be denied that the deleterious action of white rice could be explained 
by the supposition that a diet of this variety might favor the develop- 
ment of certain infective organisms. I cau not agree as to the validity 
of ealeulations such as those made by Doctor Kilbourne, Tn the first 
place, even under military discipline, it is not possible to control the 
amount which each individual actually takes when the amount given 
to, say, 100 men only is known. J have observed that stricter rules are 
m force in Bilibid Prison than in the United States Army, and that 
even the prisoners exchange certain portions of their food; thus one 
шап will trade meat for rice; or milk for cigarettes, and so on. I 
observed the same thing in Culion, when on a trip with Doctor Heiser. 
Mongo and rice are issued in Culion, a certain number of pounds for 
a certain number of men, but one man.might eat rice alone, because 
he did not like mongo; others would take mongo because they were 
afraid of an attack of beriberi which at that time was prevalent in the 
colony. 

ln the second place, errors would be made in calculating the com- 
position of foodstuffs according to tables or text-books. Му own analyses 
demonstrate the great differences in the composition of two classes of the 
same food-stuffs, especially of rice, I do not know how anyone can deter- 
mine the phosphorus content from the appearance of the rice alone. It 
is for these reasons that I doubt the value of such calculations, fraught 
as they are with two such grave errors. 

Dr. Isaac W. Brewer, Medical Reserve Corps, United States Ағту.-- 
Major Ruffner, United States Army, has asked me to present the 
statistics from Camp Connell, which during the past year has been oue 
of the largest stations for native troops in the Islands. One hundred 
and eight cases occurred at that post from May to October, 1909. he 
disease was climinated by increasing the amount of beef, bread, and 
beans given іп the rations, and by limiting the мес to one meal daily, 
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which was taken at night. The entire command was examined every 
second Sunday and all suspicious cases were taken into the hospital so 
that Ше statistics are complete. The quality of the rice was not changed 
during this period, 

Doctor de Паањ—1 wish to reply to Doctor Castellani's objection to 
the view that the etiology of beriberi is due to the rice consumed, by the 
statement which 1 mentioned іш my paper, namely, that neither in the 
blood nor the organs of men suffering from Polyneuritis epidemica nor in 
the organs of those who ћахе died of this disease nor in the blood or organs 
of fowls suffering from experimental polyneuritis have antibodies or 
antigen been found. It is therefore improbable that an infection by 
microbes is the cause of beriberi, since we know that in all such infections 
antigen or antibodies are produced as a result of reaction by the infected 
organisms. . 

Dr. Gorosaku Shibayama, Institute for Infectious Diseases, Tokyo, 
delegate from His Imperial Japanese Majesty's Government.—1t has been 
known for ten years that fowls, exclusively fed on polished rice, шау 
contract polyneuritis, whereas the birds given the unpolished grain remain 
free from the disease. On the other hand, unpolished rice can produce 
polyneuritis when it has been heated to 120°. There is no chemical 
difference, especially in regard to the content of phosphorus, between 
heated and nonheated rice. 

Furthermore, the ocenrrence of epidemics of beriberi in fishing villages 
has taught пе that the inhabitants of the latter eat large quantities of 
tresh fish, and this diet contains, relatively, a large amount of phosphorus. 
We have treated many cases of beriberi with phytin, but we could not 
observe any very favorable results. 

1 would also, in this place, wish especially to emphasize the fact that the 
polyneuritis of fowls is not identical with beriberi, and that the experi- 
mental results obtained with these birds can not directly be interpreted 
in the same sense with human beings. So, for example, polyneuritis 
accompanies general cachexia end inanition in fowls, whereas beriberi, 
especially the acute, pernicious form, generally attacks well-nouvished, 
muscular men, 

Dr. Henry Fraser, director of the Institute for Medical Research, 
Kuala Lumpur, Federated Malay States, delegate from the Government 
of the Federated Malay States—With reference to the observations of 
Major Kilbourne on the nutritive value of the diels issued to the people 
uuder his care, I do not think that we can estimate these from the cou- 
position of the various foodstuffs recorded in text-books because, in our 
experience, these records show considerable differences from the results 
of analyses carried out by us, 


There are numerous species and varieties of rice; these differ in com- 
position. Beef in the Tropics is poorer in fat and pork is richer in 
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fat than the corresponding articles as generally met with in Europe. 
11, then, we are to derive any information from the composition of the 
diets in respect to proteins, fats, carbohydrates and salts, actual analyses 
of the foodstuffs as issued must be made. 

In our work а, Durien Tipus we analyzed all the foodstuffs issued, 
and on comparing the diet issued to the party on parboiled rice with 
that issued to the party on white rice, no really important differences 
were observed, and both diets, considered in this way, should have 
sufficed for the physiological requirements of the individual. 

We believe in our work at Durien Tipus that we excluded the opera- 
tion of every other factor save rice in the production of beriberi, 

Comparison of the composition of parboiled and white rices showed 
differences in respect to fat and ash, but the difference in amount of 
fats could not account for the results if we consider these bodies merely 
as the esters of faity acids. The difference in amount of ash we have 
shown to depend mainly on the phosphorus compounds. Further in- 
vestigation is necessary to explain the significance of this. 

I believe that the method of estimating diets from the amount of 
proteins, fats, carbohydrates and ash contained in them will require 
reconsideration and in all probability readjustment. 

In the light of recent research this method has shown itself to be 
erude and incapable of showing differences which may be of vital impor- 
tance to the physiological requirements of the individual. Doctor Aron’s 
researches are of the greatest importance and shed а laxge amount of 
light on this difficult problem, but I doubt if the difference in respect of 
phytin will explain the results. 

Tn the case of the parboiled and white rices used by us and both derived 
from the same kind of paddy, we have estimated the phosphorus pen- 
oxide in the washed and dried rices, because the rices are washed pre- 
„vious to cooking. ° 

Now if we consider all the phosphorus estimated in this way to be 
combined as phytin and that a man receives one and а third pounds 
of rice daily, we find that the men on white rice would receive about 
1.5 grams of phytin daily and those on parboiled rice abont 3 grams of 
this substance. 

The matter is, however, one of scientific interest and at present of no 
practical importance to those engaged іп the prevention of beriberi. 

Our researches have conclusively shown that beriberi can be prevented 
by the use of unpolished rice and as surely produced һу the use of 
highly polished rice. 

We have furnished you with three methods by which it is possible to 
determine the liability or otherwise of a given rice to produce beriberi. 

1. Chemical. 

9. Histological. 
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. By feeding experiments on fowls. 

ОТ course, if the dietary of those peoples among whom beriberi is 
occurring be improved, the use of highly polished rice might be continued 
and no untoward effect occur, but во long as these peoples continue to 
partake of a dict in which rice constitutes the staple, our efforts must 
be divected io maintaining the rice at a standard sufficient for their 
physiological requirements. 

I wish to correct here one misapprehension. It is not the removal of 
the pericarp which makes the rice harmful, but of the layers subjacent to 
the pericarp (subpericarpal layers) ; the cells composing those layers differ 
in respect of their constituents from the cells composing the central part 
of the endosperm, 

Dr. Н. Campbell Highet. principal medical officer local government, 
Bangkok, delegate from His Imperial Majesty's Government, Siam — 
In discussing epidemics of beriberi in mines, the theory that arsonical 
poisoning may ће the cause of the particular polyneuritis observed must 
not be forgotten, 1 can give no information with respect to how long 
white Siam rice had been imported into Singapore. Ав regards the one 
case of beriberi which arose amongst seven members of Doctor Brooke’s 
quarantine staff, it should always be borne in mind that one swallow does 
not make a summer, and that this one case proved nothing. However, 
allowing that this case was really beriberi and that the symptoms 
appeared to develop after nearly three months’ residence on the quaran- 
tine island, this was not remarkable, If we were to speak of such a 
thing as an incubation period, T conld not fix any definite time for such a 
period. Tt may vary from a few days to months or even to a year or 
more. Why may Doctor Brookes's case not have been a relapse? Men 
with extended experience in beriberi know that before starting upon 
feeding experiments the investigator must he careful in the examination 
of the persons about to undergo treatment in order to climinate old 
or incipient е of the disease. My own experience is that beriberi 
once contracted is most difficult to eradicate entirely, and that monilis or 
even years afterwards some sudden strain upon the health might bring 
about a condition in every way like acute beriberi. A case of a Siamese 
police sergeant may һе cited, who, after a prolonged residence іп hospital, 
suffering from beriberi, returned to duty and did good work for eighteen 
months. Having had a dispute with one of his subordinates, he was 
put into a police cell to await trial. In thirty-six hours he became so ill 
that he was transferred to hospital, where he died in a Jew hours, with all 
the symptoms of acute, wet beriberi. On post-mortem examination, it 
was quite evident that the lesions of the heart were the result of prolonged 
ness. Не had ihe largest “bullock’s heart” T ever saw. His previous 
history was not known, bui thè conclusion might easily have been reached 
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that this was a case of acute, wet beriberi whereas it was simply а relapse 
in a very ehronie case. NE 

Dr. H. М. Neeb, medical officer of the first class, delegate from Her 
Majesty's Government of the Netherlands Јафе —1 wish to ask 
Doctor Shibayama if, in his investigations of the cases observed in the 
lsland of Banca, in the mines, where fresh rice was given, he made sure 
that there were not previons cases or relapses. It is true that patients 
who have had beribert and recovered therefrom, so as apparently to be in 
а healthy condition. а long lime afterwards if suddenly placed in bad 
surroundings, for instance, violent change of climate or excessive hard 
labor, will not infrequently suffer a relapse. If, now, patients ате given 
fresh, unpolished rice, it might appear, if they contract beriberi, as if 
this food were the cause, whereas there may he nothing but a relapse 
produced by other conditions and not by the vice. 

Іш regard to the question of heriberi on sailing ships, 1 wish to state 
that about a year ago Professor Nocht studied two cases where men 
had died from this canse. Doctor Hodeuwaldt examined pathologic- 
anatomic preparations of the spinal cord and peripheral nerves and found 
the changes to be quite the same as those which occur in exotic beriberi, 
so that Professor Nocht has come to the opinion that both varieties of 
beriberi are identical. 

Kakke (heriberi) has been termed Polyneuritis epidemica during this 
disenssion, but investigations in Japan have demonstrated, to a certain 
extent, Ша the alterations in the nerves are mainly secondary degenera- 
tions, the prineipal change being in the vascular system. For that 
reason, the symptom. complex differentiating kakke (beriberi) and in- 
toxication polyneuritis is easy to determine. I do not wish to confuse 
beriberi with the polyneuritis of intoxication. 

Dr. E. D, Kilbourne, captain, medical corps United States Атту, men- 
ber of the United States Army Board for the Study of Tropical Diseases as 
they етім in the Philippine Islands—In reply to Doctors Aron and 
Fraser I will state that the amounts of phosphorns and potassium shown in 
the table were average amounts taken from a large number of men over а 
period of several months. Although the figures may not be absolutely 
correct, they are of ‘value in showing the relative amounts of phosphorus 
and potassium іп the three groups, and show a greater reduction in 
potassinu than phosphorus in the affected groups. "The phosphorus and 
potassium contents of various foods used to compute the tables were 
themselves average figures taken from a number of different analyses, so 
the amounts given in the table ave considered to be fairly correct. I 
fully appreciate the criticism which Doctor Aron makes of my calcu- 
lations, hut analyses of identical rice made in different Laboratories show 
at least аз great varjations in composition as he states occur between 
different kinds of rice. Б 


| 


144 DISCUSSION. 


Dr. Francis Clark, medical officer of health, delegate from the Gov- 
ernment of Hongkong.--In order to strengthen the hands of medical 
officers concerned in publie health administration or in the medical 
supervision of па те laborers, and after consultation with some of those 
attending this congress, I desire, afler the discussion is closed, to move 
а resolution in regard to the formation of a committee on beriberi. 

The wording is immaterial so long as you are prepared to confirm 
the principal involved, namely, that this disease is occasioned by the 
consumption of white or highly polished rice as the staple article of diet. 
The adoption of such а resolution will yield a practical issue to the 
discussion and will enable us fo take early steps to protect the natives 
under our care from a disease which is responsible for much suffering 
and many deaths? 


“Lhe following resolution was finally passed by the association (Ed.): 

“Resolved, That in the opinion of this Association sufficient evidence has now 
been produced in support of (he view that beriberi is associated with the continuous 
consumption of white (polished) rice as the staple article of diel, and the As- 
sociation accordingly desires to bring this matter to the notice of the various 
Governments concerned.” 


REVIEW. 


Retinitis Pigmentosa. With an Analysis of Seventeen Cases in Deaf-Mutes.—By 
William T. Shoemaker, M. D. Laboratory Examinations of the Blood and 
Urine, by John M. Swan, M. D. Cloth. Pp. IV--106. Price S2. Ist ed. 
Philadelphia: J. B. Lippincott Company. 


This little book on retinitis pigmentosa gives am exceedingly satis- 
factory discussion of the subject. ‘The description of the pathology, 
symptoms and fundus changes are concise and yet complete. The plates 
are beautiful and anyone able to view the fundus should, with their 
aid, have no trouble in making a diagnosis even in a first case. 

The authors statement that the disease is particularly prevalent in 
the Orient should interest practitioners in this region and induce them 
to investigate closely any complaint of niglit-blindness by patients. This 
symptom with contraction of the visual fields and the retinal pigmen- 
tation make the disease “one of the most easily recognized in the domain 
of ophthalmology.” 

Doctor Shoemaker’s conclusions may be briefly summarized as follows: 

1. That the disease is a degeneration, not an inflammation, of the 
entire neurovascular tract of the peripheral end-organ of vision. 

9. That the retinal changes are secondary (о changes in the choroid. 

3. That the disease is congenital in all cases, however long the symp- 
toms may be deleyed, and that it may be considered as a stigma of 
degeneracy. 

4. That heredity is a potent etiologic factor; parental consanguinity 
is of importance only in connection with heredity and environment; 
maternal impressions сап not be excluded as a possible cause; and 
syphilis as a cause of true retinitis pigmentosa is not established. 

5. That the distribution is of more importance than the mere presence 
of retinal pigment in making the diagnosis. 

6. That the disease is always bilateral. 

R. P. 0%. 
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NOTICE, ' 


Beginning with the January, 1910, issue the old-established Medical i 
Review of Reviews will be edited by Dr. William J. Robinson, editor and | 
founder of the famous Critic and Guide, Therapeutic Medicine, and 
The American Journal of Urology. 

The editorial offices of the Medical Review of Reviews have been 
removed to 12 Mt, Morris Park W., New York City. 

The scope of the journal will be enlarged and every department will 
be strengthened. Тһе subscription price remains the samc, namely, 
$2 per annum. 


| 
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Order No. 407. 


THE BATAN DIALECT AS A MEMBER OF THE PHILIPPINE GROUP 
OF LANGUAGES. 


Ву Отто ScHEErER. 


TOGETHER WITH 


"F" AND "V" IN PHILIPPINE LANGUAGES. 
By CARLOS EVERETT. CONANT, 


141 pages. 
Price $0.80 United States currency, 


Order No, 408. 


A VOCABULARY OF THE IGOROT LANGUAGE AS SPOKEN BY THE 
BONTOC IGOROTS. 


By the Rev. WALTER CLAYTON CLAPP. 
Igorot-English and English-Igorot. 


Price $0.75 United States currency. 


Order Ко. 102. 
A MANUAL OF PHILIPPINE BIRDS. 


By Rrcnarp Мобвесов. 


Part І.-419 pages 
Part 11.-324 pages Vin two volumes. 


Descriptions of all known species of Philippine birds, together with 
keys to species and genera, 


Price (for the two volumes) $4 United States currency. 


Order No, 401. | 
THE BONTOC IGOROT. 
By А. E. JENKS. 
110 pages. 3 maps. 154 photographic plates. 9 figures. 


An interesting study; the result of almost a year’s residence among 
the Bontoc Igorots. 


Price $1 United States. currency. 


Order Мо. 402. 
THE NEGRITOS OF ZAMBALES. 


By WILLIAM ALLEN REED. 
90 pages. 60 full-page photographic plates. 2 maps. 2 figures. 


A valuable ethnological study of the pigmy blacks of Zambales. 


Price $0.25 United States currency, paper; $0.75 United States currency, half 


тогосео. 


n Order No. 403. 
. THE NABALOI DIALECT. 
Ву Отто ScHEERER. 
® TOGETHER WITH 


THE BATAKS OF PALAWAN. 


By Epwarp Y. MILLER. 
199 pages. 1 map. 28 full-page photographie plates. 6 figures. * 
The result of research work among this interesting tribe of primitive 
people. 


Price $0.25 United Statés currency, paper; $0.75 United States currency, half 
- morocco, 


Any of the above-mentioned publications may be ordered from the Business 
Manager, Philippine Journal of Science, Manila, Р. L, or from any of the agents 
listed on the cover of this Journal, 


Beginning with Volume V, a new section, "Section D, Ethnology, Anthropology, and Gen- 
eral Biology,” will be added to the Journal, The price for the whole seriea to aubscribers for 
1910 will be as heretofore, $5 United States currency. Single subscriptions to Section D wili 
be ва United States currency. 

Beginning with гол, the price of the entire Journal wiil be increased to $7 United States” 
currency, Section D will appear as often as material is available. 
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